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CONTINUATION OF THE 

SEVENTH SECTION. 

Article IV. 

Concerning the Eleventh of the immediate 
Materials of Vegetables. 

Of Camphor. 

A. Situation. 

i 

^ • C/AMPHOR was not formerly confidered as 
one of the immediate materials of vegetables, 
but merely as a principle peculiar to that tree of 
Molucca which affords it. Slare and "Ludovic 
firft obferved it in old oil of Canella ; Kunckel 
in the thick oil of annifeed and rofemary ; Cm- 
ger in oil of marjoram kept twenty-feven yearii. 
Geoffroy has extended and confirmed thefcob* 
fervations by afcertaining the exiftence of cam- 
phor in -many effential oils, and obferved that 
it falls down in the courfe of time from them, 
Vol. Vin. B particu- 
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2 ^ CAMPHOR. 

particularly from the oils here mentioned. Af- 
ter thefe chemifts, Cartheufer difcovered it in a 
great number of plants. Prouft has accurately 
defcribed the art of extraftin^ it, even with 
profit, from various fpecies of volatile oils, 
which grow abundantly in the province of 
Murcia. 

2. The tree which affords camphor is a fpecies 
of laurel, which grows^ abundantly at Ceylon, 
at Borneo, and in the ifland of Java. It alfo 
exifts in the roots of canella, zedoary, faffafras, 
in the oils of thyme, rofemary, fage, lavender, 
marjoram, and matficary. Citizen Jofle, apo- 
thecary at Paris, has obtained it in fufficient 
quantity to afcertain its nature from the roots 
of elicampane : I have found very evident 
traces of it in the roots of Valerian. It exifts 
in general in various volatile oils, which hold 
it in folution, and fuffer it to precipitate, either 
by fpontaneous evaporation or by the a6lion of 
fire. Many chemifts affirm, that thyme and 
pepper-mint, flowly dried, afford much camphor 
by diftillation. Mr. Achard has obferved, that a 
fmell of. camphor is difengaged wheir the vola- 
tile oil of fennel is treated with nitric acid : 
\\\aX the oil of annifeed afforded it in cryftals by 
the fame acid ; and laftly that vinegar, charged 

.with oil of angelica, let fall camphor by the 
addition of pot-afli. 

3. All thefe fa6ls united, leave no doubt re- 
.fpefting the exiftence of camphor in a great 
;. number of vegetables. There is reafon to think 

that 



CAMPHOR. 3 

that it will be ftill more abundantly found 
when experiments fhall be multiplied on this 
head." We muft not therefore any longef con- 
fider camphor as a principle peculiar to any 
iingle vegetable, but truly as one of the imme- 
diate materials of plants among which it ought 
to be arranged. 



B# JExtraBion. 

4. Notwithstanding the exiftence of cam* 
phor, as it appears in many vegetables, that 
which is moft abundantly employed, becaufe 
moil eafily extra6led, is obtained in the Moluccas 
from the laurus-camphora of Linnaeus, or the 
Camphorated laurel. This tree grows fpeedily^ 
and in great numbers, in the iflands of Sumatra, 
Borneo, Java, and in Japan. Many travellers 
affert, that this tree contains it fometimes in fo 
great quantity, that nothing more is neceffary 
than to fplit it, in order to obtain confiderable 
mafles in a pure ftate. It is obtained from 
this vegetable by diftillation. The roots and 
branches of the camphor-bearing laurel are put 
into a great alembic with water. A head is 
adapted, the inner part of which is fitted up 
with firings made of rice-ftraw. The heat 
which is applied v6latiliz€s and fublimes the 
camphor, which adheres to the cords in the 
fonn of fmall greyifh, dirty grains, which are 
united by rubbing into larger pieces. The 

B 2 « camphor 



4 CAMPHOR. 

camphor thus coUeSed is impure. It is refined 
in Holland by fublimatjon, in which one-fixth 
of Its weight of chalk is ufed. Some perfons 
affure us that this operation is made Avithout 
any addition in galleries placed over long fur- 
naces conftru6led on a flope, in which the fire 
is kept up by letting fall fucceflively in the di- 
re6lion of thofe fires the membranous enve- 
lops or chaff of buck- wheat, polygonum fago^ 
pyrum. Thefe envelops of the farrazin are fe- 
parated by fwelling with water, and the fubfe- 
quent effe6l of a gentle heat. They take fire 
with rapidity on account of their drynefs. 

5. To thefe accounts of the ancient art of ex- 
trading camphor from the laurel, it is neceflary 
to add in this place a /hort notice of operations 
refpedUng the exjKraftion of 'camphor from va- 
rious volatile oU^, being part of a diflertation 
of Mr. Prouft, a French chemift, Profeffor at 
Segovia fince 1784, publifhed in Spaniih in that 
town in 1789, under the following title: Re- 
fultado de las experiencias hechas febra el alcan^ 
for de Murcia. Conlicencia en Sigovia pordon 
Antonio EJpinofa. I fhall follow a very ample 
extraft inferted by Mr. Arezula, a Spanifh che- 
mift, one of my pupils, in the Annals of Che- 
miftry, vol. iv. p. 179. Mr. Prouft having 
obferved, in a bottle of volatile oil of lavender, 
different ramified cryftals formed of octahe- 
drons, placed upon each Qther, and a kind of 
fnow depofited on that part of the bottle where 
the oil had been fpilled on the outfide, thus 

difcovered ' 
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dlfcovered the prefence of camphor in the oil, 
and fufpefted that it exifted alfo in thofe of va- 
rious other labiated plants of Murcia, a pro- 
vince very fertile in this genus of plants, and 
which afford much of the volatile oils of com-^ 
merce. A continuation of his inquiries foon . 
ihowed, that evaporation in the open air is a 
very proper means to feparate the camphor from 

^ thefe oils. At a temperature between 6 below 0, 
and 10 above of the thermometer of Reaumur J 
he expofed it to the air in plates of porcelain, 
in a ftill place, conliderable quantities of oil of 
rofemary, of marjoram, of fage, and of la- 
vender from the country here mentioned. Spon* 
€aneous evaporation was fufficient to afford him 
camphor in cryftals, one-fixteenth of the weight 
of that of rofemary, near one-tenth of that of 
marjoram, nearly an eighth of that of fage, and 
upwards one-fourth of that of lavender. He 
did not, however, keep any account of that 
which was diffipated with the oil volatilized in 
the air : fo that thofe quantities, though confider^^ 
able, are ftill lefs than was contained in the oils 
themfelvesji The oil ^f lavender, the moft rich 
in camphor, afforded a firft portion of this body 

' feparated g,fter twbnty-four hours; it had the 
form of blades intertwined together, and he fe-^ 
parated the portion of oil which adhered by 
mere fufpenfion in a funnel. At fifteen degrees 
the fpeedier evaporation caufed the camphor of 
this volatile oil tp feparate after twelve hours 
expoftire to the air. In very hot feafops, the 
diftilled oil caj^ies fo much with it that it de- 

g pofits 



6 CAMPHOR. 

pofits it in coolings and an apothecary of Madrid 
affured Mr. Arezula, that by this fimple procefs 
camphor had long been obtained from the vola- 
tile oils of Murcia, and was fold for thirty fous the 
(quantity not mentioned in the original) in 
commerce. The volatile oil of fage dq^ofits its 
camphor rather more flowly than that of lavender, 
and it is more difficult to feparate the portion of 
oil which hangs about it. The camphor thus ob- 
tained and dried on blotting paper was dry, white, 
and brilliant, like fnow j it fcarcely exhibited 
the odour of the oil from which it was afforded. 

By diftilling the oils of lavender on a water- 
bath of confiderable extent, but fhallow, placed 
at fome diftance from water kept at the heat of 
feveral degrees below the boiling point, until a 
third of thefe fluids is drawn over, and the ap- 
paratus being then left to cool, two-thirds of 
that which remains in the veflels are obtained, 
confifting of camphor cryftallized and precipi- 
tated, which may be taken out with a fkimmer, 
then drained in a fieve, or flightly comprelfed. 
The remaining oil is to be treated with other 
water as before. The heat of the ebullition 
and the diftillation, urged ftill farther, caufe the 
camphor to rife by fublimation in the head. 
When the operation is thus finifhed, one half of 
the camphor contained in the oil will have been 
obtained. Three fucceffive operations are fuf- 
ficient to deprive oil of lavender of the camphor 
it is capable of affording. It is not pofTible to 
obtain by this means more than a fifth, inftead 
of the fourth part which it really contains. 

The 
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The refidue contains a feventy-fecond part, and 
the diftilkd oil fi^ of the fame parts. Mr. Proatt 
eftimates, that in the large way this oil will not 
afford more than fifteen parts.out of feventy? 
two of camphor, inftead of eighteen, which it 
in fa6l contains. 

By refining the 'camphor thus obtained by 
fublimatibni the profeffor of Segovia made fe- 
veral important obfervations. Twenty-four parts 
of this produft afforded him only twenty-two of 
very white folid and pure camphor. The tw<j. 
twenty-fourth parts which remained were too 
ftrongly heated, which rendered them of a 
brown-red, owing to a refinons fubftance, which, 
having been taken up with the alcohol, was 
precipitated by water of a tenacious and reddilK 
appearance, whereas the camphor itfelf was pre-* 
cipitated in white flakes.. -This relin arifing 
from a fmall quantity of oil remainingj between 
the cryflals of the camphor in'the fijift operav 
tion, prevented the fublimation of the laft por- 
tion, Lime facilitated its purification, and af- 
forded twenty-- three twenty - fourth parts of 
white dry cannphor. Waflied aihes fucceed equally 
well. White clay afforded yellow camphor. He 
advifes the ufe of lime or wailied wood-aflies 
in preference to the clay, which he rejedls. It 
is neceifary that thefe fubilances Ihould be very 
dry, becaufe the water they contain produces a 
boiling in the mixture, the projefted fluid from 
which would foil the fublimed camphor. Fire 
x)£ confiderable ftrength, and fhallow veflels, 
contribute much to afford the camphor in white 

folid 
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fblid loaves, as it ought to be for the market. 
The fufed camphor may be boiled before the 
fublimation, becaufe it is lefs volatile than the 
oil, and aftronger heat is required to raife it 
than would be fuppofed, from the ancient no^ 
tions refpe6ling the volatility of camphor. This 
is the only meaijs of obtaining it tranfparent 
and in maffes ; and it appears that this is the fer 
cret of the Dutch refineries. The fublimed 
camphor contra6ls in cooling, and breaks in va-^ 
l-ious places ; it feparates very well from the vef^ 
fel ; whereas, when lefs heated, it is lamellated, 

[ rous or fpongy, and adheres much. 

The author, from the fimple and precife caU 
culatiops founded on the price of oil of la-? 

' vender, the camphor of Miircia, and the charges 
of the operation which he defcribes for ex-r 
tradling and refining camphor, compared with 
the produtt he obtaiiicd, conjsludes that the ad- 
vantage would be from fixty to fixty-three per 
cent. 

Oil of fage treated in the fame manner as 
that of lavender, though it requires but one 
third of the produfil to be volatilized, does not 
^.fFord, according to him, more than a profit of 
twelve or thirteen per cent, on account of the, 
left quantity of camphor it contains ; the oil of 
marjoram affords between ten and eleven per 
cent and that of rofemary ftill lefs, as it does 
not eiciceed four or five per cent. 

Mr. Prouft concludes this interefting refearch 
with a comparifoij of the properties of the 

camphor 
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camphor extra6led from the oil of lavendet of 
Murcia with thofe of the camphor of commerce, 
and he found the efFe6ls of the nitric acid upon 
the one and the other to be abfolutely the fame. 
Each furnifhed, after haying precipitated them 
from the nitric acid by means of water, alofs of 
thirty-five per cent, concerning which I Ihall 
fpeak hereafter* 

6. Thefe interefting details afford reafon to 
prefume that much advantage might be derived 
from the labiated plants which grow fo abund-^ 
antly in the foulhern departments of the French 
Republic, and particularly from the, greater la- 
vender, lavendula /pica, the fame as that of 
Murcia from which the oil of afpic is extraS-^ 
ed. Though the difference of climates might 
produce fome modification in thequantity of th« 
produfil;, there is reafon to hope that this oil, fo 
abundant and fo cheap in comparifon with the 
other volatile oils, would afford camphor by the 
proceflTes of Mr. Proufl, and thus fupply us with 
a^new article of trade, for which the nation 
would no longer be under the necefTity of pay- 
ing to foreigners in ready money. 

C. Phijifical Properties^ 

7. Vert pure camphor is a white, concrete, 
tranfparent body, cryflallized in o6lahedrons or 
fquare plates, of which the fpecific gravity is 
in comparifon to water, upon which it floats, 
as 9,887 to 10,000. Its tafle is acrid, hot, pe- 
netrating, 
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netrating, and bitter. Its ftrong and difagree- 
able fmell gave rife to the adage of Salerneum, 
Camphora per 7iarcs caftrat odore mares^ be- 
caufe it has long been fuppofed^to poflefs a 
calming and fedative property; but it is very 
far from poffeffing that property to the extent 
denoted in that verfe. 

8. When it is placed in fragments, even of 
confiderable magnitude upon water, the fliiid 
moves round the fragments, and circulates as if 
it gradually attacked their furface. Small cy- 
linders of camphor, placed vertically in water 
fo as to ftand above its furface, but alfo fixed in 
fuch a^nianner as to remain in part beneath, are 
cut in two, according to the obfervation of 
Venturi, Profeffor of Natural Philofophy at 
Modena, at the precife level of the water. Very 
fmall pieces of camphor thrown upon water are 
agitated, and moved about with great rapidity. 
A drop of oil let fall upon the furfaccof the li- 
quid immediately ftops the motion, which was 
erroneoufly attributed to ele6tricity, but appears 
to be owing to the attraftion of the particles of 
camphor, water, and air, and to be a true com- 
bination between thefe three bodies. 

d. Camphor is one of the moft volatile fub- 
ftances we know ; it appears never thclefs, from 
the experiments of Prouft, to be lefs fo than 
volatile oil. But we mud not overlook that 
this is to be underftood refpcfting its combina- 
tion with the oils, and not with regard to pure 
and infulated camphor. Camphor in a clofed 

veflel, 
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veflel, expofed to a temperature fuperior to fix- 
teen degrees of Reaumur's thermometer, coii* 
tinually rifes in vapour, and is inceffantly fub- 
limed. The upper part of the fides of the 
veflel is found to be covered with cryftalline 
grains of camphor varioufly grouped upon the 
furface of the glafs. It appears in this cafe, 
that the heated air difiblves it> and afterwards, 
by cooling, depofits it on the fides of th^ 
veflel. 

10. Camphor is alfo fufible at a temperature, 
which Citizen Venturi eftimates at 1 20 degrees 
of the thermometer of Reaumur. Mr. Proiift 
defcribes it in a {late of fufion and ebullition 
before it rifes in vapour. In fa6l we may fup- 
pofe that the twenty-fourth part of volatile 
oil, to which it was ftill united, had an influ- 
ence on its fufion, notwithfl:anding its fmall 
quantity. In this fublimation, the camphor 
cryfi;allizes in a different manner from that 
which it exhibits when it abandons its oily fol- 
vent, and a few traces of o6lahedrons are per- 
ceivable only in the cafe of its volatilization in 
fmall irregular grains. Citizen Venturi affirms, 
that it fublimes at fifty degrees of the thermo- 
meter of Reaumur. According to the fame 
philofopher, it evaporates at the ordinary tem- 
perature of the atmofphere in the vacuum of 
the bwometer. 
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D. Chemical Properties* 

11. While it prefents fome analogies with 
the volatile oils, camphor exhibits very remark- 
able differences. When placed in contaft with 
a burning body, it takes fire brifkly, and emits a 
very white flame with abundant fumes. Citizen 
Lagrange burned it in oxigen gas or mercury, 
in the fame manner, as Lavoifier burned car- 
bon and phofphorus. He obtained much fu*- 
blimed charcoal, carbonic acid gas, and another 
acid, of which the nature is iTot accurately 
determined, but which he compared to the 
C9.mphoric acid. By diftilling camphor ground 

'^ with alumine, in order to fix it in a certain re- 
fpe6l, he extrafted a golden-yellow coloured oil, 
of an acrid tafle, and of a fmell refembling 
that of thyme and rofemary, volatile in the 
air, forming a liquid foap with the cauflic aU 
' kalis, foluble in alcohol, becoming white in the 
oxigenated muriatic acid : a very black and 
very pure coaly matter remained in the alumine. 
According to the fame chemift, a fmall quantity 
of camphoric acid is formed during the diftilla- 
tion of camphor. 

12. The union of the fimple combuftible bo- 
dies with camphor, particularly phofphorus and 
fulphur, has not been yet examined. Waterdif- 
folves it in a very fmall quantity, which, how- 
ever, is fufflcient to produce a very perceptible 
acrid fmell and tafle ; when camphor is burned 

upon 



CAMPHOR. 13 

\ 

lipon water, the fluid contrads a very percep- 
tible acid tafte, and other properties. 

13. One of the great differences between 
campor and the volatile oils, is the manner in 
which it is affefted by the flrong acids. Con- 
centrated fulphuric acid diflblves it, and by the 
afliftance of heat, fulphureous acid and hidro- 
gen gas are difengaged ; the fluid becomes of a 
violet or brown-red ; and it is afcertained that 
carbon is feparated, and water with an acid is 
formed. The nitric acid diflblves it effcftually, 
if it be but little concentrated. This yellowiflifolu- 
tion feparates into two liquids.; that which floats 
above has been improperly denominated oil of 
camphor; the portion beneath contains cam- 
phor already altered and acidified ; for when 
the upper fluid is precipitated by water, which 
feparates camphor in the folid ftate without 
alteration, more than a third of this combuftible 
body is found to have difappeared. The gafe- 
ous muriatic acid alfo diflblves camphor, and 
puts it into the aerifohn fl:ate ; the fame is the 
cafe with the fluoric acid gas. Water precipi- 
tates the camphor of thefe folutions in the folid 
ftate, as- it does the nitric folution. 

14. Mr. Kofegartefflong fince difcovered that 
the nitric acid, diftilled in a confiderable quan- 
tity from camphor, converts it into a peculiar 
acid. Citizen Bouillon has confirmed this dif- 
covery, and carried his refearches concerning 
this acid much farther. In order to obtain it, 
eight parts of nitric acid, at thirty-fix degrees, 

are 
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are poured upon one part of camptior in a glaia 
retort. Heat is given by a fahd-bath, and much 
nitrous gas with carbonic acid is difengaged, 
at the fame lime that a finall portion of utial- 
tered camphor fubhmes. This operation is re- 
peated three times upon the fame camphor. The 
camphoric acid is cryftalUzed by the cooling of 
the fluid which remains in the retort. It is pu- 
rified by folution. in boiling water and coolings 
The acid thus obtained does not amount to 
quite half the weight of the camphor. This 
acid, which appears to cryftallize in acute ofla- 
hedrons, has a flightly four but coniiderably 
bitter tafte. It reddens turnfol, and efflorefces 
in the air. Cold water diffolves fcarcely more 
than one- three hundredth of its weight ; boiling 
water, on the contrary, diffolves nearly one- 
twelfth. Upon ignited charcoal it emits an 
acrid aromatic denie fume, and is entirely difli- 
pated. It melts and fublimes by a regulated 
heat. When paffed through an ignited tube 
with oxigen gas, it remains without alteration. 
Neverthelefs, ;by diftillation in a retort, Citizen 
Lagrange had expeftation of decompofing it, 
as it loft its acid nature, its folubility in water, 
and had acquired an arom^c odour. This acid 
is alfo foluble in oils. Its combinations with 
the earths^ the alkalis, and the metals, are 
different from thofe of all the known acids. It 
does not precipitate lime-water; the camphorate 
of pot-afh, and feveral other camphorates, are 
very cryftallizablet The camphoric acid preci- 
pitates 
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pitates various metallic folutions, pfirticularly 
the fulpliate, and the muriate of iron. 

15. Camphor is not changed, nor foluble iii 
the alkalis. No fait afts upon it, except the 
fuper-oxigenated muriate of pot-alh, which 
burns and deftroys it by a blow or by preflure. 
It has no attra6lion for the metallic acids, nor 
for the folutions of the metals. It mixes, and 
is fufpended in water by the medium of fugar, 
or the mucilages. Fixed and volatile oils diffolve 
it, and nature frequently prefents this folution, 
as I have already ihown. 

1 6. Though the accurate analyfis of camphor 
and its chemical properties are yet far fiom 
being known wi^h the accuracy that may be 
wiflied, thofe which I have here pointed out 
will fufficiently diftinguifli this body from 
volatile oils, and to juftify us in admitting it as 
one of the immediate materials of vegetables, 
which deferves to be carefully fludied. Its pro- 
perty of forming a peculiar acid by the aftion 
of fire, or of the nitric acid, is fufficiently cha- 
ra6leriftic. It was lately confidered as a vola- 
tile oil, more carbonated than thofe which are 
particularly diftinguiffied by that denomination. 



* • ^ ' ^ E. Species. 

1-7. If there be truly no more than one fpecies 
of camphor always of the fame nature, what- * 
ever tnay be the vegetable from which it was 
• '-^ " obtained, 
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obtained, it is nevefthelefs true, tliat, togetliet 
with the refemblance of the greateft number of 
its diftin6live properties in the different plants 
which contain it, it alfo prefents certain differ- 
ences, particularly that of an odour refembling 
the vegetable form from which it .was extrafcled. 
Under this point of view, we may therefore ad* 
mit as tnany fpecies as there are plants hitherto 
difcovered which afford it, though the qualifi- 
cation of fpecies may be really too marked a 
term to diftinguiih fimple varieties. Thus^,^ be- 
fides the true camphor obtained from the cam- 
phor-bearing .laurel, we may admit the camphor 
of lavender, of fage, of rofemary, of marjoram, 
of anifeed, of faffafras, &c. This diftindion, 
however, muft become either more accurate or 
ufelefs at the period when chemifts, after com- 
paring thefe different varieties of camphor, fliall 
have difcovered chara6lers peculiar to each, or 
have confirmed their perfeft identity. 

F. U/es. 

18. Camphor is one of the mofl; powerful 
remedies which medicine ppffeffes. As a topical 
remedy it calms inflammations, ftops gangrene, 
and diffolves various tumours. Internally, it is 
anti-fpafmodic and ajitifeptic. It is very fuc- 
cefsfuUy employed in contagious diforders, in 
intermittent or putrid fevers, as well as thofe of 
a malignant and nervous defcription. It is par- 
ticularly aftive in affections of the urinary paf- 

fages, 
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lag)ei$, and flops the pernicious efFe6l:s of can- 
tharides on thofe organs. It is prefcribed in the 
dofe of feveral grains in pills, boluffes, elec- 
tuaries, mixtures, Tn which ^ is diiFufed by 
means of ^ the yolk of egg, mucilages, and 
fi%ar; Its^iblWidtt in kitb\\(A h ftiiicfi citof)lby%ij 
interaaiiy. ' ''^ ht^^^ iftto 4 'gi^^t\.tifetriBir of 
pharmaceutic preparations. 

19. It is particuMly tifed in embalming. It 
powerfully priSferves putrefcept fubftaacfiSj ftops 
tfhe feptic altei'.ation, as is proved hy. all t]i9 
^'p^rittients of the moderns upon . putrefa^iott 
A^A — ^tifeptics. It ^ ^ — ^ *"^ ^-^ 



t^G^mik rff atlimaf 'mait'ers' from Anieiica inc 
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'i^b/ Camphor ' IS alfo oi^'ufe in lomS pf.rtbjQ 
atts as a combuilible. uibftancev It is. an.ingre-^ 
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Concerning the Twelfth of the immediate Ma-^ 
r terials of Vegetables^ namely ^ the Rejim. 

. A. Situation. i 

w 
t ■ . " • " "^ 

1. UNDER the article of volatile oils we 
have feeri, that when expofed to the air, they 
feectfme condenfed and converted into refin. It 
feems, therefore, that there is no other dif-. 

ference between thefe fubftances but the . con- 

». • ' » . . .• ( • ■ I • 

derifi^tion here mentioned, and that ' we n^ay 
define fefms by the name of coijdenfed volatile; 
oils. .' But this fimple; expofition gives ijis but a 
ycfy imperfeft notion of refmification, that-is 

to'fay,^ the converfion of thofe oils into refin* 

•■■■*• 

It Js^very evident in fa6l, that the refins ,pwe 
their' origin entirely to the volatile oils, that 
they are always ^rft in this ftate ; but in , this 
flniplii'^xtS^^^ we do not fee 

the matiner of operation or the caufe which 
ptddiices tfie effe^^^ or the true refult itjiffprds.. 
It is iieceflfalfjr to, examine the. phenomenon n^pre 
narrowly, "hi* order'tdafcerlairi wliat refinifica- 
tion confifts in, and to determine what^happens 
during the converfion of the volatile oils into 
refin. 

2. Mr. Proud, in his Differtation on Camphor, 
obferves, that moft of the volatile oils when ex- 
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pofed to the air, are feparated into two fub- 
fiances, one of which is acid, and the other 
refinous. It is probable that the former is ana- 
logous to the Benzoic or camphoric acid* With 
regard to the converfion of a portion of vola* 
,tile oil into refin, this chemift attributes it to 
the abforption of oxigen, as well as acidifica* 
tion; and he explains thefe fimultaneous changes 
by admitting two different fubflances in the 
oils, one a fpecies of acidifiable radical, and the 
other refinifiable radical. Though this inge- 
nious theory may appear to fatisfy the pheno- 
mena, or ratlier the refults obtained by the ex- 
pofure of the volatile bils to the air, it is f^r 
from being yet confirmed by experience. 

3. Experience indeed proves, that by ex,- 
pofing the volatile oils to the contaft of oxigen 
gas, as well as by treating them with bodies 
which can eafily communicate this principle, 
they in fadl become condenfed, and approach to 
the nature of refins, at the fame time that they 
are partly acidified ; but it does not exaQ;Iy 
prove that thefe changes are owing merely to 
abforption of oxigen. On the contr?iry, vfc 
find by expofure of thefe oils to the air, that 
they are more difpofed, as I have obferved, to 
lofe or part with a portion of their hidrogen, 
than in truth to abforb oxigen. They gradually 
form water, which is coUefted even on their 
furface, or which lines the in fide of the glafs 
veffels in which this experiment is made with 
very vifible drops; and as thefe oils become at 

C 2 the 
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the fame time more denfe, we may attribute 
their refinification much more to the lofs of 
their hidrogen, than to the abforption of oxi* 
gen. They alfo at the fame time fuffer a por- 
tion of their carbon to exhale ; for the air in 
which they have remained for a long time be-* 
Comes charged with a greater or lefs quantity of ^ 
carbontc acid. 

4. We may in the mean time, and this is the 
,nroft juftifiable condu6l to be purfued, until in- 
qiBTies fliall have been carried further on this 
objefit; — we may admit the contemporaneous 
a6Hon of the air upon the volatile oils, thelofs^of 
hidrogen, and its abforption of oxigen from 
them, admitting, at the fame time, that the lat- 
ter of thefe phenomena is much more evident 
^an the communication of oxigen. We may 
define refinification to be a fpecies of oxidation 
of vofetile oil, owing to the diflipation of part 
of theif hidrogen, and the abforption of a fmall 
portion of oxigen. Hence we may conceive 
why few oils pafs to the ftate of refin, in what 
ittaimer refinous matter is formed in vegetables^ 
why this /formation takes place at theil* furface, 
whfere the Volatile oils flow out, and alfd in their 
barks or fir ft ligneous ftrata. 

5. From this theory^ which is defefl^ve only 
in' point of precifion, we may conceive, that 
refin is to volatile oil the fame thing which ve* 
getable butter or wax is to fixed oil. ' Nothing 
more will remain but ^to determine the proportion 
which exifts between the fame volatile- oil and 

camphor ; 
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camphor; whence it happens that certain fpecies 
of this genus contain camphor, that otherr 
are more difpofed to form refin or benzoic acid, 
if it be true that each of thefe three bodies, 
camphor, refin, and benzoic acid, be not a pe* 
culiar modification of volatile oil, and each of 
them be not capable of paflling to either of the 
ftates refpedlively by a determinate variation of 
its principles. Whatever may be the C|ife, it i$ 
€afy to conceive that refin will be foimd in thoi^ 
fituations where volatile oil is found, and 
that every thing, which is obfervable with re- 
fpe6l to the oil, is applicable alfo to refin as far 
as relates to its fituation. 



B, ExtraBion. 

6. "Resii^ frequently flows from the external 
parts of vegetables in a foft and partly liquidt 
ftate, as will be fe6n in moft of the fpecies -of 
this genus. The efflux is fometimes accelerated 
by boring holes, or making incifions in the trees 
wl^ich are capable of affording it, as is done 
with regard to all thofe denominated refinous, 
fuch as the pine, the 'fir, the larch, &c. It 
then flows out in the fofm of a thick, vifcid. 

Iff r W 

tranfparerit fluid, often with little fmell, which 
is colle6led in a more or lefs confiderable quan- 
tity. 

7. Frequently alfo the refin remains in the ve- 
getable organs where it was formed; acquires a 
iblidity more or lefs confiderable ; becomes dry 

and 
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and brittle; is depofited in plates or thin leaves, 
orvarnifh— like ftrata, M^hich cannot be exjtrafted 
by preffure, or any other mechanical means. 
Neverthelefs it fometimes happens, that after 
having pbferved in tlie texture of folid vege- 
table fubftances, diftinguifliable by its brilli- 
ancy, its vitreous texture, and its brittle pro- 
j^erty, it is found to feparate in the form of a 
powdet more or lefs coloured, becoming fatty 
and unftuous, by preffure and pulverization, and 
iiot tp be confounded with the woody powder 
or fibrous lamellated fecula obtained by rafping 
or pounding fplid vegetable fubftances^ This 
fafil is obfervable in the operations of pharniacy, 
and of perfumery; but it is not fufficient for 
chemifts ; and whatever precautions they may 
take, they cannot by this means procure a quan- 
tity of refm fufficiently abundant for their expe- 
riments, or fuflficiently pure to be ufed in their 
refearches. 

8. When the refin exifts dry in very fmall 
fragments or thin plates, in dry vegetable mat- 
ters, as here pointed out, there are two me- 
thods of extrafting and feparating this refin 
from other vegetable fubftances with which it 
is *mixed. The one, which is not commonly 
employed with this view, takes place in the de- 
co6lions to which various folid vegetable bo- 
dies, fuch as the roots, the wood, the bark, the 
fruits, &c. are fubje6ied. The heat of boiling 
waiter foftens and melts this refin, which fepa- 
fates, and is often coUefted in the form of oily, 

yellow, 
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yellow^ red, or brown drops at the Aifface of 
the water, which afterwards becomes Aiore denfe 
and. hard, and falls to the bottom of the li-- 
quid; but in this cafe it mixes, and is con- 
founded with the extra&ive matter/ which, as 
we liave feen, becomes infoluble and fblid by 
the a£lion of the atmofpheric oxigen. The 
other procefs, which is the only meaus pra6iifed 
in chemiftry to extraft the dry refin from vege- 
tablq bodies which contain it, confifls in ap- 
plying an appropriate f(!)ivent. Alcohol is em- 
ployed for this ufe ; it i^i left to macerate for 
a certain time on vegetable fubftances, froril' 
^hich the refin is to' be extfaded, and which 
have been previoufly ilamped; pounded, or cut' 
into ifinall pieces : it is fometimes boiled, and' 
afterwards evaporated to drynefe, fo that the 
refin remains alone and dry ; nevcrthelefs it is 
mixed with fome other: immediate principle of 
vegetables^ It is feparated by precipitation with 
water. 



C. Phjifical Properties. 

g: Re^in is Either foft, vifcid, liquid, or dry, 
brittle, of a glafly appearance; fine-grained, 
and more or lefs beautifully tranfparenU Its 
white^ or greenifli yellow col<^ur,'' when liquid,^ 
is^ extretoeiy varied in the diffeiient fpecies 
Aviieli dry and« brittfe ; wc^ft cbitimonly it is of 
a-lemon or amber-ydloV cdlbur, of more of left^ 

bright* t^ pr redwbrowio • It is found of ai 
'i ^ . red** 

3 
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l^^browft, gree©, <qjp deop/iwdcolo^r'} but iit 
tluis c^e>Jt>ifl aJwaya opaqua It k eafily re- 
duCitiU tetQ powder, and; itt powder, feiuh^u* 
Oj«8, a«d flicKa togiethcr by periiuffion^ i ' ^'^ 

IQ, 4U th§ wiifts are rather toavier thab wa^ . 
ifif.: ThQwr.fp^bific gravity variesr from 10,458 
toi rs, 289, water being 1 0,000, Moft of them 
llaye BO U&Oi :or a very weakitafte, eve«^ whete* 
in^ftiicatedif^r ; fotpei time. Their ftnell i& almofii 
alvj^ay3 ;^0}iJ^>^i;xd <i0e5 »ot become pareeptJble* 
hwl by Ijwg grindhigv<a^;^n. ele^Med teng^iwpa'' 
ttit^, ,] jR^fim liaive i aiirioft ccmiiaiyiliy •: a ^deei^e^ 

fi jjl. ,Th^,xe6H?^'3QK|)^fe4 to?thei:tfeak.cifti0iii^f 
oaloriq, foften ^apd! iBplb.Iikelfwax . withoutrai*; 
t3eratip«.; ^ Ea^b requires a ipartitmlf r i ten^ei-ftv 
t^wt^ fpf ^itei fUlftodr;; By oooliDg^ .tiiejiirefimiQ; 
tfee qoueretb'ftate* It is well kinrnvn ^hat irdfili& 
ilrfuUte-Md ; i nteifcept i the paffage . of die/elfeSkie 
flltid, audi lifc^t tbey fere thei^ifelved elo5bi(fc:» j^y- 
fridliou, .i»ij,-' 



fprd* .yoUtilp oil in quantitry -grosjitSr ^^rtth^r 
riefln i5.f9fWl% ; "irHu^.itis.jhat tUrpentiw:! aiad 
aJA «be! t|f)fi^ .of .thi}. gejtjusji ./^i«k?N^> ftffQrd vier^y/ 
gFCf^*. ipropofitiofl* §)i'i volatile: or ^fstiaJv^ilc. 

bu^<> l£ rt]jij^ fire iie urg^iUU moos^ tjke pro^^i 
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u water, an acid liquor, carfaonaited hidrogen 
gas, carbonic acid gas, and there remains, a vo.- 
luniinous charcoal more abundant in its bulk 
than from the voli^tile oils. 

13. Refin, heated, with conta^ of the air, 
takes iire after having melted and boiled up; 
its flame is tirong and large, and its finoke 
confiderable; it afl^ords a very abundant foot, 
which is condenfed and collefted in fome ma- 
nufaftories in cones of plate-iron, under the 
name of lamj>'black. Much water is alfo formed 
in this combuftipn, , ^ 

14. ^efin, unites by fufion with fulphur; 
more difficultly with phofphorus, and not at all 
w^th the metals. , There, is no union betweca 
feUn- and the metaljic oxides, in which refpe^t 
fl]jef^ bpdies'dVffer much from fixed oils, ' TherQ 
js' (io aaioii between refin ^and water. Whei^ 
refin is inflamed, it deeompofes water poured 
unpii it, and produces an explofioji, which how- 
e.y'er is left violent than thattoccaijoned by tfie 
.fi«d oils, 

,j^- Neither the afids jipr the alkalis exercifis 
^ny a6lion upon r^Cnu. by inflaming, burping^ 
91: C]^n)^ei;tijig..itjiDt(^ foap,, Thi^ want of effe^ 
r€i^ipl?1^5!.t^Wpi;<>5fir,ty;..,^f p.My iO»ide$, and fa- 
yoursj the opjnipii .of. th^fe who , Umikthat fcfin 
owes it^-ftate ,1^0. t|(e.,fll>forption' of oxigen. 
The fame is the cafe with regard to the oxige- 
nat;?4 ^P**^^'* ^9i4i .^^^ oxidesj .and th.e metal- 

lic.'i^ll^j^flS. ,,,_,,...,.,: .; . ; r ■ ■ . ■■ 

; ' ' ~3 ■ ' i6.lt 
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16. It is almoft fuperflupus to obferve in this 
place, that liquid refins which contain the 
greateft quantity of volatile oil, are more al- 
terable in general than the dry and brittle re- 
fins ; it may eafily be conceived that they muft 
participitate in the chara6ters and properties 
of the oils they contain. 



E. Species. 

17. The number of the fpecies of refin is 
very confiderable. There is fcarce a plant or 
vegefeble which does not contain it, and from 
which it may not be extrafted by ibnie chemical 
procefs. An enutneration of the fpecies would 
therefore be impoffible, iliiifive, or unrieceiTary, 
if we did not confine ourfelves parti cularry 'to 
thofe which are mod ufeful, the ipofi;' eafily ex- 
ttaded, and which nature itf^lF offers to iiian 
By theiir fpotitaheous flux, which 'are;" the .moft 
abundant, and at the fame tirlie ni61t frequently' 



of 'tfheiii are knowri^ in'coteitier'cfe "by thfe ttaine 

6f balfems, bii account ^pf 'their ji(](uid ftate 

diliy, and tibV^foni their^ niiiire; Becaufe they 

are not trne^'balfams,. ai^ I ihuU^'ihow, when I 

treat thofe fiibftances'iix bhp 6f the .follo,wihg, 

articles.^*" ' ^- ' ' ' -^ ' 

» 

^A^ Balfarfr* of Mecea,' 'frdm Judea, Egypt, 
and Grand Cairo. This is a liquid, -.Vhite; bit- 
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ter refiri, of a very ftrong fmell of lemon, which 
flows from the tree called amyris opobalfamum^ 
found by Forikahls in Arabia Felix, and placed 
by Linnaeus in the clafs of oHandria monogynia. 
This liquid refin affords much volatile oil by 
diilillation ; it becomes thick by long contaft 
of the air, and forms a folid crull at its furface. 
It is ufed in medicine as a vulnerary, incorpo- 
rated with fugar, the yolk of egg, &c. 

JB. Balfam of CopahUy another fpecies of 
brown or yellow liquid refin, which flows from 
the tree called Copaiba^ named by Linnseus Co- 
paifera^ and placed by that botanift in the 
clafs of decandria monogynia: the common 
fpecies, as well as that of the balfam of Tolu, a 
true ^balfamic juice of which I Ihall hereafter 
fpeak, is a mixture of trije refin of copahu and 
turpentine, according to Cartheufcr. It is em- 
ployed in medicine in ulcers of the lungs, and 
the bladder, like the preceding, 

C Chio turpentine flows from the turpentine 
tree, which affords the piftachia nut, terebinthus 
piflachia of Linnaeus ; it is of a white or blueilh- 
yellow colour. It affords a very pure volatile 
oil on the water-bath. That which it affords 
to a naked fire is lefs fluid. The turpentine is 
afterwards yellower; if it be diftilled with wa» 
\^\ it becomes white and filky, and is denomi- 
nated ' boiled turpentine. This turpentine, the 
only fpecies which ought to bear the prefent 
namp, is fc^rce and little ufed. 

D% Venice 



\ 
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2). Venice tui-pentine, or refin of tjie larch^ 
is commonly employed in medicine. It is ufed 
in its natural ftate, or combined with fixed al- 
kali. This combination is the true foap of 
Starkey, or the faponule of turpentine. In or- 
der to\ prepare it, the Paris difpenfatory pre- 
fer ibes to pour on two parts of nitre fixed by 
the tartar and ftill hot, one part of the volatile 
oil of turpentine; to agitate the mixture with 
an ivory fpatula, and to cover the veflel with 
paper; the oil is gradually to be added until 
the whole forms a white mafs. As this procefs 
lafts feveral months,; cliemifts have endeavoured 
^p .difcpver the means of making the foap in a 
more expeditious manner. Rouelle, by tritu- 
xatiug drop by drop, the alkali with the foap, 
apd adding a fmall quantity of water towards 
the etid prepared in three hours a confiderable 
quantity of this faponule. Citizen Baum6 ad- 
vifes leyigation upon a ftone of one part of al- 
kali of tartar, dried fo as to enter into fufion, 
and gradually to add two or three times its 
weight of volatile oil of turpentine. When the 
mixture has acquired the confiftence of a foft 
opiate, it is put into a glafs bottle covered with 
a paper, and ,expofed in a humid fituation. In 
fifteen days, the deliquefcent alkali forms a par- 
ticular fl;ratum of the fluid at the bottom of the 
veflel; the foap is in the middle, and a portion 
of the oil M^hich has acquired a red colour, 
floats at the top. Citizen Baume thinks that 

th« 
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the alkali unites only with, that portion of the bil 
which is in the ftate of refin. Legendre extendil 
this notion by propofing to faturate fixed alkali 
without heat in folution with thickened oil of 
turpentine, or turpentine itfelf. ' 

This faponule has a certain degree of folidity, 
which gradually becomes more confiderable ; it 
forms cryftals which have been confidered as a 
combination of the acid of the oil with the. ve- 
getable fixed alkali, which, according to the 
academicians of Dij6n, are only pot-afh fatu- 
rated with carbonic acid, and cryftallized. As 
this fafionule is very difficult to make, and very 
changeable, Macquer thinks that when it is 
defirable to unite the properties of volatile oil 
with that of foap, it is better ta incorporate 
with the white medicinal foap fome drops of the 
volatile oil appropriated to the indication in-; 
tended to be anfwered. Ammonia, triturated 
with turpentine, forms a faponaceous folid com- 
pound, which is very foluble in water, and 
renders it milky and frothy, 

E. The refin of the fir is named Stralburg 
turpentine. It is collefted by piercing the vef- 
ficles of the bark of the tree which is very 
abundant in the ni pun tains of Switzerland. It 
may be ufed for the fame purpofes as the pre- 
ceding. 

F. Pitch is the refinous juice of a kind of fitl 
named Picea. It is extrafiled by incifions mad^* 
ih the bark of the tree-; it is melted by a gentle* 

heat; 
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heat, ftrained through a fack, and received in 
caiks, where it conftitutes Burgundy pitch or 
white pitch : when mixed vlth lamp-black, it 
is black pitch. By long fuiion it becomes dry, 
brown, and forms colophany. The coarfer parts 
are burned in an oven, which has a chimney 
terminating in a fmall receptacle ending; in au 
iron pipe. In this laft the fmoke becomes 
condenfed, and forms a fine foot called lamp- 
black, 

G. Galipot is the refin of the pine, which af- . 
fords fweet kernels. This tree is tapped towards 
the lower part of the trunk, and the refm flows 
into vefTels placed to receive it. Other inci- 
fions are made when the former ceafe to exfude. 
When it flows out in a fluid ftate, it is called 
^^/ipo( ; that which dries on the tree in yel- 
lowifli maflTes is called barras. Thofe juices are 
liquified in boilers, and fl:rained through ftraw 
mats." This mafs, caft into pieces or loaves, in 
excavations made in the fand, is called in French 
arcangon^ or brai fee. If water be interpofed, 
the matter becomes white, and forms refin or 
pitch refin. The Provincials diftil the galipot in 
the large way, and obtain an oil which they call 
huile de raze. Tar is prepared with the trunks 
and roots of the pine of which it is the empy- 
reumatic oil. The branches of the tree are 
heaped up, covered with turf, and fet on fire. 
The oil difengaged by the heat not being ca- 
pable of exhaling through the turf, is preci* 

pitated 
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^it^tf^d into a veffel by roeans of a gutter;, 
whetice it is laded out, ^nd fold under the name 

pf tar. 

•1 * 

H. Tacamahaca, gum elemi, gum anime, are 
little in ufe. The tree, Avhich affords the firft, is 
not known ; the elemi comes from a fpecies of 
amyris ; the oriental gum anime, or copal, of 
which the origin is upknown; the occidental 
anime^ or courbaril, \yhich flows from the hy- 
mensea, a tree of South America, are employed- 
ia varniihes. . . 

/, Mafiic has the form of white tears of a faint 
fmell ; it flows from the turpentine tree and the 
lentifc It is ufed as an ailringent and aro- 
matiPi And. is an ingredient in drying varnifhes. 

K. Sandarac has the form of white tears more 
trajifparent than thofe of mailic. It is obtained- 
from the juniper, between the baric and the 
wood; it is alfo called varnifli by fom^, becaufen 
it is much ufed in thofe preparations. It is mod 
generally known in its application upon paper, 
where erafures have been made in order to pre- 
vent the ink from fpreading. I 

Im The refin of gayac, or gum gayac, whicihi 
is greenifh, is employed againft the gout; it 
flows from the g*ayac by incifions. Many che- , 
mifts coijfider. it as a gum refin. 

Jl/.i Ladanum, or the refin of a fpecies of ciftuar 
intbe iflandof Candia, is of a blackifh colour- ; 
The peafants coUeft it with a rake, to which are . 
fufpended a number of flraps of leather, which 
they pafs in contad with the trees; they form 

cylindric 
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Cylindric p^rtidiisj which ki^ 'C2i\\ti tdSaH^^^ 
tortis. It is adulterated hy niuch lilacft 'faiiflf 
It is employed as an aftringent, and is th^ thou 
impure iand moft (iond^fbus of the tefihS, . •\ ^ 

jV* Dfagoii's blood is a red juice otitafii'd^ 
hK>xt\ Draccem draco^itnd tnany other vegetables'4. 
It has th€ form of flattened or rotirided rnaflHsl' 
6r of ImaU fpbemides, or oliveif cibvered with 
leaves of reeds atid tied together, ' It is u<*eid lii' 
medicine as an aftringent 

18t It is not unufual to preferve in COlle<J- 
tiKins, f^^ttietimes under the name of gum^, ^ 
coiitinued feries of different relinous iuice^ 6f 
Africa, America, and India, whlcK are not uftd' 
in Europe, and of which it is unneceftary' ttf 
jjpeak in thiiS plac*. They are known t6 be 
jfefiM fey their ftif?bi'Rty,' theif inflamtn^bility/ 
their infolubility in water, and their fehibility 
in 'alcohol- 

'f. ir/cs. '■ 

" • * ■ ^ •. 

19. In the rapid enurtieratidh here pvif^nh^d,' 
refpe6Kng the rtioft common fpecfes^ df refins^ 
we have feen that thef(i juices, inoft bl[^^\^c^' 
are particularly confecrated to niedTCal iif6, at^^' ^ 
very far from poffefling all the vrrtii^s cbm- 
rtonly attributed to them. Their extef rial* tip- 
pJidation k the moft beneficial atld flre'^^jbfeft^ 
ktiown with regard to its antifeptii 'dfte^i^ ^['^ 

20; Many of them are more or lefe 0^M ^Itt' 
the arts a6 combuftibles. Some naJtioli^ Ufd^' It' 

for 
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f6t the pu'rpofes of combuftions^or illuipina- 
tions, and they ar^ employed in embalming and 
perfuKjiftg, The art of painting derives great 
ddvafitage ftom them ; they are tbe bafis of var- 
Biihesf, particularly that which is named Chineie 
varnifli. They affonl oils of great value for 
painting smd for fliip^building ; pitch, tar, and 
lamp-black, are the produ^s of thefe fubftanccs ; 
and in a word, there are few materials which are 
more eminently ufeful. 



AntrCLE XVI. ^ 

% 

Concerning the Thirteenth of the immediiatc 
Materials of Vegetables^^amely Gum Re/ins. 

A. Situution. 

, 1. THEjttaine of gum refin is given to cer* 
taiii iaflammable juices partly foluble in water, . 
partly in alcohol, which are thought to be nai^ 
tural cox»binations of refins, and mucilaginous 
extra6live matters. 

2. Thefe juices are contained in the proper 
veflels of a great number of vegetables, none of 
their parts being deprive of them ; or rather . ^ 
^hey are found in the roots, the (kms, the leaves^ 
the flowers, and the fruits of many plants. 

$. We muft neverthdcfs obferve, that thefe 
two laft kinds of organs, the flowers and th^ 

V^x.VIII. D ' fruits^ 
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fmits, are mod commonly. Av^ithout the fub-'': 
fiance, as alfo are the feeds, and that it is inoft; 
particularly found in the roots, the ftems, and 
the leaves. Thefe three claffes of vegetable, 
parts are in fa6l thofe in which Grew, Malpighi, : 
Bonnet, and Duhamel, found the greateft abun- 
dance of proper veffels frequently placed in af- 
femblages beneath the bark, or in the firft lig-, 
ncom ilrata. 



B. ExtraSion* 

4. There is this very fenfible difference be- 
tween refins and gum refins, that the latter be- 
ing included in the proper veffels, arc never 
extruded from tlie planta ; whereas the refinous 
juices flow fpontaneoufly on the furface of ve- 
getabfcs, where they dry and become condenfed 
in the form of brittle tearSi The gum refinous 
juices, on the contrary, being concealed in the 
inner parts of plants never flow out, and dvt 
alone can extraft them from, the channels in^ 
-which they are contained. ' 
;: 5. When the textpre of a recent vegetable is 
broken in thofe parts which contain gum-re- 
fmous juices, ihey iffue forth in white, yellow, 
or varioufly-coloured drops always opaque or' 
milky, refembling emulfive fluids. If the parts : 
chitrgcd with thefe juices be preffed, or if, after* 
having colleded a fufficient quantity by the- 
iKght efflux which follows their incifion, by re- 
ceiving the. fame from, a large quantity of ve-* 

geUble 
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gctable matter^ at the fame time this juice may 
. he condenfed by the rays of the futi, and the 
elevated temperature of a hot climate, fuch as' 
Favours the vegetation of this genus of plants. 
In this manner the gum-refjns are obtained. 

6. Such is the general proccfs which is fol- 
lowed to procure them. The vegetables which 
contain them are cut or notched when full of 
juice;; the juices are coUeded by leaving the ve- 
getables to emit the opaque fluid they contain; 
this is expofed in a thin ftratum to the rays 
of the fun in Africa, America, or tlie Eaft- 
Indies ; where it condenfes, evaporates, and 
becomes thick, and at lad dry. It is in this 
complete ftate that the gum-refins are met with, 
in the market. 



C. Phyjical Properties, 

7. The guni-refins, extraded and prepared 
by the means here pointed out, are folid brittle 
bodies, almoft always opaque, in irregular tears 
or fragments often adhering to each other, or 
by means of a pafte which connects them to- 
gether. Moft of them have a confiderable odour 
ufually of a fetid or garlic fmell, with an acrid 
difagreeable, bitter, and naufeous tafte. 

8. Their colour in the diffeient fpecies is fin:- 
gularly varied ; but a yellow rufty colour is ge- 
nerally predominant. They are not in general 
proper electrics, like the refins, nor do they 
equally well intercept the courfe of the ele6^ric 

'. ^ . ^ D 2 fluid. 
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fluid. They are not fufible In the fame manner 
by heat, and they become changed inilead of 
flowing like them by the aflion of heat. 



D. Chemical Properties^ 

9. Though few chemical experiments have; 
yet beten made upon tbefe fubftances, except 
certain very incomplete analyfes, and no truly 
conne6led refearches have been made upon the 
gum refins, there neverthelefs exift in the midft 
of the aflays of pharmaceutic operations upon 
thefe bodies fome general phenomena which may 
ferve as chara6lers to diftinguifh them from the 
other immediate materials of vegetables, and 
which may be confidered as properties belonging 
to the whole genus : the following may be con- 
fidered as generic qualities. 

10. All gum refins burn, dry, fwell and emit 
fetid vapours Srithout taking fire : at firfl; when 
heated upon burning coals they afford by diftilla- 
tion, befides the volatile oils, ammonia com- 
bined with an acid, and leave a voluminous 
faline charcoal. They alfo afford much carbonic 
acid gas by diftillation. 

1 1 . They all unite with water by trituration; 
and form a kind of emulfion, or milky turbid 
liquor, which by the aftion of fire or of the air 
depofits a portion of refiu, and retains in folution 
a fubftance rather extraftive than gummy or 
mucilaginous. Their folution in water is fre- 
quently acid. The concentrated fulphuric acid 

decompofes 
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decompofes and carbonates them. The nitric 
acid convertis them partly into oxalic acid. 
The weak acids diflblve them, and the acetous 
acid has long been confidered as their fpecific 
folvent 

ISf. The alkalis have not the fame inaftivity 
"with regard to the entire gum refins as with re- 
fpea to the true refins ; and when in pharmacy 
thefe fubftances are ufed to diffolve, as it is pre- 
tended, the refin by boiling woods or barks in 
water-- -it is not the refinous principle which the 
^kalis thus abundantly take up, but the por- 
tion of extradive matter oxigenated and become 
infoluble^ as I have elfewhere fliown ; that is to 
fay, a true gum-refiiious matter, for this extrac- 
tive matter being united to the alkali in that cafc^ 
carries with it a fmall portion of refin. The fame 
obfervation is applicable to magnefia, when em- 
ployed to the fame purpofe. 

13. Among the immediate materials of vege- 
tables, which have fome aCiion upon gum-refin, 
we muft reckon the mucus, fugar, and non- 
oxigenated extraftive matter, which render it 
either foluble in water, or mifcible in that liquid, 
as all the pharmaceutical operations prove which 
are ufed for the medical adminiftration of this 
fubftance. 

£• Species* 

14. The gum- refinous juices are extremely 
numerous in plants, and may be diftinguilhed 

' into 
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into an immenfe variety of fpecies ; but we do 
not in this place treat upon more than thofe 
which are mbft generally known and eniployied 
either in medicine, where they are confiderably 
ufed, or in the arts. 

A Olibanum or wcenfe has the form, of yellow 
tranfparent tears, of a ftrong and difagreeablc 
odour when burned. It flqwa on the banks of 
the red fea, from a kind of juniper or thiirifera. 
By heat it affords volatile oil, an acid liquor, 
apd leaves charcoal, owing to the extradive 
part it contains. lu medicine it is ufed for at-* 
tenuant fumigations. Notwithftanding its name, 
this is not the u:um-iefinous body which is burned 
.as incenfe, for its^ odour is acrid and fetid ; we 
ill all fee that the balfams are employed for that 
purpofe. 

JB. Galbanum is a fatty juice of a brown-yel- 
low, and naufeous odour. It flows in Syria, in 
.Arabia, and at the Cape of Good Hope, from 
incifions made in a ferulaceous plant called by 
Linnaeus, Bubon galbanum. Its fmell is mani- 
feftly that of garlic. When diftilled by naked 
fire it affords a blue volatile oil, which becomes 
red by keeping, together with an acid liquor and 
an heavy empyreumatic oil. It is a very good 
attenuant, and a powerful antifpafmodic, and 
J3 an ingredient in many plaffers and unguents, 

C Scammony is of a blackifli-grey colour, 
of a ftrong and naufeous fmell when pounded or 
heated, and of a bitter and very acrid tafte. We 
diftinguilh that of Aleppo, which is the pureft, 

m 
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in contortAl fragments, covered with a grey 
fi^mogeneouspciwdef ; and thatdf Sriiyrfia, ^vhkji 
is lieavy, black, and mixed with foreign fuH- 
fiances. It is extrafted from the Con volvuhis 
of Linnaeus. The root of that plant cut and 
exprefled on the plac<? or in the earth, affords a 
^le juice, which is coUefted in a cavity formed 
in the lower part of the root, and which becomes 
-blaok as it dries. Scammony contains a various 
quantity of extra6l or, refin, according to the 
'different famples : in confequence of Avhich it 
prodnces very different effeds in different pa- 
tients. It is ufed as a purgative in the dofe of 
-two or three decigrams to fix or eight ; when 
mixed with a mild extraQ:, fuch as that of li- 
quorice, it forms the common diagrydi urn ; and 
for this jyurpdfe alfo the juic^^f quinces is ufedl 
It is commc^nly adminifiered by trituratidn,<with 
fugar and fweet almond§, fn ^he ftate of aA 
4!(miil(ion. We are not yet fn poffeflSon of a good 
analyfis of this gum-refin, winch is much em- 
pioyfed in m^icine, as w4eli a«.moft of the giitn'^ 
refinottsijulees. ^ v ' 

/ ZX Gum gUttaBOr ganfboge'has'the form 6f 
icylindricat maffes, hoHow in the middle, fluted 
-without, of an orange-yellow colour without 
finell, but of a very acrid and corrofive tafte. It 
monies from Siam, China, and the ifle of Ceylofr. 
It is extraSed from a largfe tree which is little 
known^ but denpmihated Goddam in the cbun- 
try, and Gambogia by Linnieus, who placed it 
i^n the polyandriamonogynia^ It is diffufible in 
: :.; ..ijj.:.*, water, 



w.% 



40 OITH RESIK8. 

water, in which it forms a kind of ydlowilh 
€muUion ; its acrid property appearsto be owing 
jziuch more to the extrad than the refin which 
it contains ; it is ftrongly purgative in the dofe 
of from two decigrams to four or five : It muft 
not be employed internally without tlie treated 
caution : the alkalis greatly diminifh its acrid*^ 
nefs. Painters ufe it much as a fine golden-yel-' 
low pigment ; it mixes very well with fixed^and 
, volatile oils. 

JJ. Euphorbium is in yellow tears, worm-eaten 
or corroded, in fmall contorted cylinders, fuU 
of holes, of a cauftic tafte, and without fmelL 
It flows from incifions in the euphcirbium, in 
Xybia and Mauritania; it is colle&i:ed round the 
thorns of this plants upon which it become 
condenfed and formed. It contains a very acrid 
jefin, and is fo ftrongly purgative, that it ik 
jeckoned amoBg the poifons : It is feldom emf 
ployed but externally in mortifications, of which 
it ftops thp progrefs, or as a detergent in ulcers. 
F» Afla foetida is fometimes in yellowifh tean^, 
and moft frequently in maffes formed' of various 
parts agglutinated together, of a ruftjr colour, 
ihaded with different degrees of yellow. Its 
garlic fmell is extremely fetid, and its taile 
bitter, naufeous, and difagreeable, is fufficiently 
diftiaguiflied among all the other gum refina. 
It is extra6ted from the root of a kind of ferula, 
which grows in Perfia, in the province of Cho- 
rafan, and which Linnaeus has denominated 
afla foetida. The root of this plant is fieiliy and 

fucculent : 
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fucculent ; it affords by preffure a white juice of 
ajst abominable fmell, which the Indians ufe as a 
condiment which they call food of the Gods, a 
very Angular contrail with the name of Stercus 
Diaboli, which is given to it in Europe. Whea 
diluted in water, affa foetida pppofed by this 
name to that of affa dulcis, formerly given td 
benzoin, forms a kind of milk or turbid liquor 
of a ruddy white, and very expanfible. odour, 
which infers a great fpace. It is internally 
ufed as a powerful antifpafmodiC| and applied 
jpxternally as a difcutient. 

O. Opoponax is a gum-refinous juice in irre* 
gular plates, of a dark or rufty yellow, ftrong 
garlic fetid fmell, with an acrid, bitter, and very 
difagreeable tafte. It is extra6led from the pafti- 
maca^opoponax of Linnseus, tnPerfia, in Turkey^ 
and even in fome hot countries of France and 
Italy* 

This juice is fuppofed to contain equal parts 
of extractive aiid of refinous matter. It is ufe4 
Ia medicine as an attenuant, and eaters into thb 
cotnpoiition of feveral plaflers. 

jy. Bdellium is a brownifh juice, fuppofed to 
tfe very analogous to galbanum. Its origin is 
not known. Enlightened botanifts confider it 
4jo berery diffa-ent from that of the ancjents, 
which was highly efteemed. 

It is thought to be compofed of nearly equal 
parts of extradland of refin. It has lefi tafte and 
iniell thaa galbanum, and is manifefily inferior 
lO^it in virtue It is ^t prefent fcarcely at all 

^ employed 
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emplayed in medicine, though it fiill conilituteS 
an ingredient ia fome pharmaceutic c^mpofi^ 
tians* — '; 

/• Sagapenum is guin-refinoHS juice in whit^ 
yetlowifli, or rufty tears, of a difagreeable ancl 
infupportable finell when thrown on b*ghte4 
coals. Its tafte is acrid, bitter and repulfive* 
It comes from Egypt, Perfia, anil India j but 
the tree which furuiflies it is unknown. 

In general this vegetable juice refembles in itfi 
pFopertieJi gum ammoniacum, galbanum, «pa^ 
ponax. Sec. AH the gum refins having a garlic 
flavor appear to be proper juices of umbeltiferbus 
plants, Sag^apenum is no longer particularly 
"lifed. 

^ JC. Sarcocolla, a r^ifinous gummy juice, fo 
^denominated l3ecaufe the property of doling 
iroundj^^^ formerly altri'b»teibt<> it, is known 
by its figure in fmall grains refembling thofe of 
millet, of a white, yelfo\<^, or red colour. It 
-has no fmell, and its tafte i« bitter and nauieouiS^. 
-It comes from Periia and Arabia, from an-iuik- 
known vegetable : it contains moreextradl than 
reiinous matter. Its fuppofed virtues are no 
longer credited, and it is ufed only \x\ a few 
compofitions. : 

L. Myrrh is a concrete juice in reddifh brib- 
liant tears, frequently covered with a rufty co- 
loured powder, of a ftrong but. agreeable fmell, 
with a bitter and rather aftringent tafte^ and.pre- 
fent in their frafture, white lines of the/orm of 
.a nail. Some of thcfe tears are eatirely giimjajT, 

infipid 
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inlipid and infallible in water; It has the a^» 
pearance of a mixture. Myrrh comes from 
Egypt, and particularly from Arabia, the ancient 
country of the, Troo-lodites. The plant which 
;afFords it is unknown : it contains much more 
^xtra&ivc and mucilaginous matter than refim 
When it is pulverized and held for fome time in ' 
the mouth, it foftens and becomes white and 
du<^ile like wax. It is ufed in medicine as a 
very good fiomachic, aiitifpafmodicand ftrength- 
cner. Cartheufcr jecommends it to literary 
mep who have a delicate, .ftpniach, to chew 
.and f\\^ailow it diluted in the faliva. It is ufed 
in iurgery to deanfe ulcers, and to ftop the pro- 
grefs of caries. It is employed in powder o^;* 
diffolved in alcohol. 

,:. M. Gum ammoniac is fometimes iq iinglp 
t^ars, white within, and yellow externally, an4 
often in malies refembling thole of benzoii^ 
formed of white tears, corine<Sed by a more co^ 
loured and adhefive juice. Their white colour 
and fetid fmell eafily ferve to diftinguiih them 
from benzoin, which they confiderably refemble. 
It is fufpefted that this gurn-reiin which comes 
to ^s from Africa, is obtained from an umbel- 
liferous plant, on account of the feeds which arfe^ 
mixed with it; but we do not know the plant 
which produces it, the manner of its growth, 
nor the mode of its preparation. 

The phenomena of the folution of this fub- 
iiance by Avater and by alcohol, and particularly 

its 
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its inflaimnability ifaow that it refembles the 
Kfino-extra^ of RoueUc 

Gum ammouiac is uied in medicine as a Teiy 
good attenuant in obfiinate ohftruAions. It is 
given in the dofe of a iewgiains in pilK or i^ 
emulfion. It likewife enteis into the oompofi«» 
tion of a number of attenoant plafiers^ aa wdl 
as the other gums before dcfcribed* 

F- V/tt. 

15. Thu foregoing account of the principal 
Q)ecies of gum^refins proves that their ufe is 
particularly applicable to medicine, and fcarcely^ 
at all to the arts, if we except the flight em« 
ploy "A^hich fome of them have as pigments. 

16. It is \'ery remarkable that the gum-refins 
are either purgative drattic, and even abnoft 
cauftic, or elfe antipafmodic ; fo that they may 
be dinded into two genera with r^aid to ^eir 
medicinal properties* 



AatiCLS XVIL 

CoHcermng the Fourteentk of the immediate 
Jkfatcnnh qf Vegetables ; o/* Caoutchouc^ or 
Ehflic Rejin. 

h CAOUTCHOl C or eWtic refin, very 
imprc^M^rly called claiiic gum in the arts» b one 

of 
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of thofe vegetable matters of which it has been 
difficult, if not impofliblcj to detiermine exaftly 
the nature, fo far a» ta compare it with the 
other immediate materials, and to place it in 
the clafs either of reiins or concrete fixed oils, 
whrch it rcfembles. By comparing all its pro- 
perties with thofe combuftible matters, we foon 
difcover that it>i$ a particular principle reafly 
different from every on^ of them, and that it 
is only remotely analogous to them. It is nei- 
ther a fixed oil, nor a refin, nor a gum-refin, but 
a peculiar fubftance itfelf. 

S. I place it as one of the immediate mate- 
rials of vegetables, becaufe it appears that we can 
extraft caoutchouc from various American trees^ 
and that it is not peculiar to the juice of the 
hevsea of Aublet. Some botanifls, particularly 
travellers, aifure us that elaflic refin is obtained 
from various trees of thofe countries, and that 
it is prepared by condenfing and evaporating 
the mixture of a number of thofe juices. 

3. It is in an order of proper vefTels that this 
white juice, refembling an emullion and to that 
which the gum-refins' afford, isi contained. It 
appears to exifl particularly under the bark of 
the hevsea. Seme have apprehended that fevetal 
la£iiefcent plants of our temperate climates, par- 
ticularly feme fpecies of feophorbia> might af-" 
ford a fubftance analogous* to caoutcWue ; and 
though the firfi: aflliys have not yet produced 
an authentrcated foccefe, this view is^ Ar from 
being impFobable. 

B. Extraffion. 
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B. ExtraSion. 

w 

4. In America, particularly in Guiana, inci^ 
fionsare made acrofs the bark of the hevaea to 
it3 ligneous part The white juice which flows 
out is received in a veflel. As the only intention 
for which it is colle6led is to fabricate veffels^ 
or a kind of pear-fhaped bottles, this juice is ap- 
plied in layers upon moulds of dry clay : each 
layer is dried in the fun or by the fire, the fmoke 
of which colours them of a deep fawn or brown 
colour. The fucceflive application of thefe. 
lirata is continued until the veflels are rendered 
as thick and as ftrong as may be defired. The 
natives of the country employed in this labour 
terminate it by ufually making defigns or va- 
rious engravings with points of iron. When the 
juice has become thick, concrete, and folid, the, 
brittle earth which formed the mould is crulhed, 
and fhaken out in fmall fragments through the 
aperture of the veflel. 

5. In this operation, the juice of the hevaJa 
becomes concrete ; but this is not effected, as 
has been fuppofed by the mere evaporation of 
its liquid part, or the water feparated from the 
elaCHc matter. I have afcertained another caufe 
of this feparation, which is a true concretion. 
I examined the juice of the hevaea, which w2^s 
fent me from the Ifle of Bourbon or Reunion, 
as well as that of Cayenne and the Brazils.. 

- - ■ Thefe 
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Thefe three juices might not perhaps be from 
the fame tree, but they exhibit exadly the lame 
properties with regard to the formation of the 
elafticfubftance. Each contains a white turbid 
liquor, of an infupportable fetid fmell, in the 
midll of which is k white concrete matter, 
rather fpongy at its furface, very claftic, of a 
foft^ fine,^ and dofe texture, which was the true 
caoutchouc : in a word, very pure, and of a 
quahty much fiiperior to that of the utenlih 
prepared out of this fubftance in America. 
Thefe foHd and elafiic concretions had tlie form 
of the bottles that contained them, but were 
lefs in fize: they had been • depofited by time 
acid without evaporation, for the bottles were 
very well clofed, arKl had loft nothing. The 
juice which was contained in them, when ex- 
pofed to the air, became very fpeedily c<^vered 
with a cruft of claftic gum. I accelerated the 
formation and feparation by combining the ac- 
tion of caloric with that of the air. In a vef- 
fei filled with oxigen gas, the liquid afforded 
an claftic pellicle more fpeedily, and a very fen- 
flble abforption of gas took place. Alcohol fepa- 
rated flakes, and tlie oxi-muriatic acid partially 
formed an elaftic precipitate. 

_ ^; tvom thefe experiments I have concltided . 
thitxaputjchouc is. jcady. farmed in;the^ jiiice.of 
the hevaea, and is capable of being feparated 
in the. concrete form ; that a portion is neverthe- 
lefs not complete enough to be depofited with its 

t, ^ . -^ elaftic 
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elaftic property ; that it appears to want only 1 
fmall quantity of oxigen to complete its pro-^ 
perties ; that in this manner the contaft of 
the air, thp oxigenated muriatic acid had 
nested upon this fubftance ; and that the atmof* 
pheric oxigen influences the concretion and- 
folidification of caoutchouc in the fabricati^il 
of utenfils which are made ii> the hot countries- 
where the hevaea grows^ From thefe notions I 
have propofed to import into France the juiec' 
of the hevaea, by adding the cauftic alkali which 
prevents the elaftic fubftance from precipitate 
ing, in order that we might be able to fabricate- 
all the proper utcnfilsj or to plunge moulds 
in the juice upon which it might fpontaneoufly 
depofit the caoutchouc in a much purer ftate 
than the concentrated and thickened juice 
which is ufed one ftratum after another. 

7. We fee alfo that the pureft caoutchouc is 
that which is feparated in this manner fponta^ 
ncoufly from the juice of the hevaea while kept 
in clofe veficls ; that our experiments ought ra- 
ther to be made upon this than upon the feady*' 
formed vefleU in order to determine its natiirti^ 
and that it may be highly ufeful to employ 
this white concrete juice fo depofited for the^ 
purpoiesi to which it is^ adapted, and wf^clvl 
&all point out at the end of the pi eient article; 



C. Phjifical 
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- : e. Ph^cal Properties. 

3, ^y RE caoutchouc is white or flightly fa^vn 
coloured, extenfible, elaftic, Qompreffible, refum- 
Jng its original dimenfidns as foon as the .ex« 
ten^al force is withdrawn. Its texture is denfe, 
brilliant, fibrous, and fmooth, like jthat of au 
animal fubftance ; it is foft and becomes fofter 
1>y heat, and by this fimple procefs it tnay be 
moulded into any deiired form. Cold deprives 
it in part of its properties. . 

9. Its fpecific gravity to that of water is as 
9,335 to 10,000. It has neither tafte nor fmeil. 
When cut, and the parts preHed together, they 
unitefo intimately that they cannot be feparated, 
but form an homogeneousTolid^ This valuable 
property is frequently ufed for conne£ling frag- 
mentis and flips of this fubftance. 



B. Chemical Properties. 

10. Caoutchouc, expofed to a violent heat, 
hecomes foft, melts, fwells up, emits a fetid 
4>d6ur| curls like fome animal fubftances, and at 
length takes fire with a bright oily flame ; from 
which property it is ufe^l in its native country 
for giving light,' in the manner of a torch or 
flambeau. When heated in a filver fpoon, itbe- 
>€0me8 converted int04Ei kind of black oil, which 
Jiaemairns g»veafy -and atthf^firve; though expofed 

: Vol. VIII. . E for 
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for feveral unonths to the air, and never again 
affumes its elaltic property. When diftilled in 
clofe veflels, it ailbrds a fmall quantity of turbid 
water, charged with an aminoniacal fait not 
yet well kno^vn, a.denfe brown oil, partly, con- 
Crete,, ^nd fetid, with carbonated hid»*ogen gas 
and carbonic acid, gas. . It leaves a fpongy coal 
in little abujulan^Cire, with very . iCtight traces of 
faline inatter, and difficult to be burned. By 
.thefeproduSs. wem.ay obferve that it approaches 
to the gluteu of animal matters. 

II. No union is known between fimple 
combullible bodies and caoutchouc* The air 
procj^ces no alteration in it. Boiling water 
fpftens it, fwells it like a fkin, gives it femi- 
£ranfpai:ence, but does not diifblye it. Caout- 
chouc thus foftened is very foluble in ether, 

* • ■ • 

though. It is' not fo in its natural ftate. We are 
indebted to Pelletier for this difcovery,- who has 
folved the problem fo long fought refpecling the 
• folubility of Caoutchouc, announced by Mac- 
quer in 1768, but which all chemifts have 
found either difficult or impoffible until this 

^explanation was giv^en by Pelletier. 

! . 12. The powerful acids with fimple ^radicals 
a6b upon caoutchouc. Concentrated fulphurrc 
j^cid reduces it Xo the coaly ftate, and blackens it 
at the fame time that itftlf becomes fulphui*eous. 

~Th6 nitric acid attacks, corrodes, and renders 
it yellow like cork, changes it into oxalic acid, 
and a fatty matter. The other' acids have no 

j^tlioQ.upon it; the caultic alj^alis do uot alter 

: it. 
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}t, nor reduce it to the faponaceous ftate, which 
proves that it does hot truly refemble the fixed 
oils. The falts do not attack it, nor change its 
properties. The action of the oxides and me- 
tallic folutions upon thefe bodies have not yet 
been examined. 

13. Among vegetable matters, the oils are the 
only fubftances which have an eyident action 
upon caoutchouc. . Fixed oils boiled upon this 
fubdance diflblve it, as they alfd do melted 
wax; but it remains adhefive and vifcid in the 
folutions. The oils of lavender, afpic, and tur- 
pentine diflblve it hy the afliftance of .a gentle 
heat; but the vifcidf^ combination remains ad- 
hefive, incapable of drying, fticking'to the 
hands, and in fa6l' of no utiUtV. ^ By the mix- 
ture of fixed arid yplatile oils it is'diflbj^ved, in 
order to form that fat and flexible viftiifh which 
is laid upon filk. A 'f6lutioh.,bf cabtltchouc 
in oil of afpic, mixed with alcOHol, throws down 
white flocks, iiifolublie in hot water," which re- 
main at thefurface of this laft fluid, and become 
white and folid like ^^ax,by cobliiig., Berniard, 
to whorb. we are indebted for this experiment, 
thinks Uiat it precipitates* a true concrefcible 
^fixed oil ; but ,this aliertionis far froiti being 
fuflBciently* accurate to be 'confideried ias well 
eftabliilied. ' \ 



• — » • r I. » • 
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E. Specks. 

14. We are not yet acquamted with many 
fpecies of caoutchouc, though it is probable 
ih^xt may be feveral different from eack otnerr 
if not frobi their chemidal charaders, at Icaft 
with regard to their origin* P*rom what has al^ 
ar^ady been itated^ we know that there is a white 
and pure caotttcbouc depofited from the juice 
in clofed vefiels, and an impure caoutchouc 
dried in the air ^d in the fmoke ; but the latter 
differs fi^om the former only in certain impurities 
wliich cisange It, and of which it is poflible ta 
deprive it by the iticceffive aftion of water, aiy^ 
and of alcohol, afl^ed by heat. 

15. When we&alt be better acquainted with 
the hiftory of the different trees which arc 
capable of aiSmrding caoutchouc, v and when 
therr produds iliall have been comparatirely ex- 
amined, we fliall be able to diflinguifh, if not 
the fpeeiesy at leaft the modifications and va* 
fieties of this juice, snd we iliall then know* whe- 
ther we ]!jaay hope to difcorer, in the plants and 
treeis^ of oar temperate climates, any materiaU. 
capable <£ affording to the arts a fubfiance of 
a fimilar nature. 

F. Vfc^. 

J 6. We may eafily conceive that a hard, folid 
body, unchangeable in the ah*, infoluble in wa- 
ter, 



ter, ,not attacked by tfep greater part of the ipir 
vents, and xMchj to thefc valuable quajiiti^^ 
JQU1& the ftill iBQi^ valuable quality of bein|^ 
{>dweif u% ela&ic, mi^l fii^At 4 gveat ntttnbel 
4}f is^oftant u(es to the aits : in medipuie it i^ 
employied; for the fabiic^tioii of bougiesi. pgfr 
%ie9r bandages, aaci^ a gre^l; Jiumbct of fu;rgin 
4cal utenfils, proper todimmi^ ojc ^w^ tQ cwisi 
<^ gfxi9t munher of di£brders^ Wc, ip jijiil obfei^<i 
thaX bH theie utenfil^ a^re c2^a)He of hi^QQii^il^A 
foft, ami extes^d by.d^e ht^f^z^d copt^6t^ <^ 
animal humours, and confequently that it is ne* 
ceflary to attend to this property, in order to 
jg;ive fucfa a form to the article in quefiion as 
may admit of the augmentation of volume they 
undergo* In order to make catheters of pure 
caoutchouc, this fubHance, fofteoed and fwelled 
by water, is diflblved iii ether, and its fblution 
applied in foccefflve layers upon moulds of 
wax, which are afterwards melted out in boiling 
waten 

i7« br countries wHcxa the treei^wbich tdffwA 
tim folid, dglUq a^d iAflamniable. J[^ce;gco,^ 
^Pdbeau^ a^4r^,iorch^ are fabricat^^,^ wl^icl| 
i^ve to givA light,, and alfo yeflels ;^^d jii^ftru-s 
menita applicablf^ to many u&s, Thok vjeffels 
retaiu: water ^nd varlqus liquors very well, and 
communic^ ueit-h^r tafte nqr fmeU tp thenif 
Qoote and ihoos J^rq made of it, which are very 
durably, aijd yield to the motion of the parts. 

1 8^ III Europe, the bottles or veffels of caoutr 

• cJw^ue wliich^rQ imported and V.ut into pieces 

pr 
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Bfedcirhhi^ ^j^r^^sfdh^^five w^en expbfed to W? 
^Sysof'thtiUn'dft'Oheat.- , ■ . 'V " 












Article XVHI. 



Concerning, the^ Fifteenth . of\^the immc^ijafj^, 
\MaUrialsqf^ VjsgGtalfles }. Balfam^.. :?,.,. 



J .* .,' 






A. Situation. 



1 . BUCOUET was the firft chemift wHd diftin- 
giiiflied', -fri 1^74^ the natuiacl ballatns from the 
itfiiis' anbfd gtifti-fefins, T^y cbhfidering as fiich 
iHe ri^finoas juices wKicTi are cx>riftahtly united 
to an* acid, namely, the benzoic acid, and by 
giving them as proper cliarafteii, that of aflford- 
iiig this concrete acid 'byfublimation with tKe 
a6iion[ of fij-^, and giving acidity to water, in 
which thcv were fufed atid Hoiled for a certain 
time. This denomination fo determined, atlaft 
fixed the value of thfi'term, which wastiirthen 

vague 
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vague and unrertain,_becaulfe it was before attri^ 
buted to refinous juices, as well on accoui\t,of 
their liquidity as their fragrant an^l^greeable 
fold 1, and ^Ifo to oily and alcoholic cqmpo.ujnd^, 
to which tliis property wascoinmmiicat^,,by.the 
mixture of fcveral matters more or lefs odorant. 
It is with fo mucli more propriety attributed to 
|)odii»s of this genus, becaufe the aromatic, vo- 
latile acid they contain gives them a lively fmelU 
. 2. All that has been faid refpefling the pror 
perti^s of volatile oils, leaves no doubt refpeftin^ 
theacidifiable chara6ters of thefe fubftances, an4 
confequeutly their origin and the formation of 
natural balfams, becaufe thefe appear in faci to bg 
pierely volatile oils, of which the oxigenation ha^ 
converted part into refin, and part into acid.: 
and accordingly thefe matters appear to poffefs 
the fame fjtuation in vegetables as thofeoils; 
^and though the natural balfams are yet little em- 
ployed and known biit in a fmall number, the 
liumber is fufficient to confirm this notion, and to 
allow us to regard thefe products as exifting in 
jnany of the parts of Vjegetables., 

• s » • . 

■ . B. Exttaiiioiu 

3* We have yet few accurate notions refpeft- 
Jug the manner in which moft natural balfams 
^are procured. ..We fee neverthelefs by the ex- 
ample of the balfam of Peru^ thpt thefe matters 
flo^vrfrpm trees in the foft and vifcid - forni of 

turn^ntin^, j5j??P ^iy F!?. ^pUp^ed in entire 
i . " cocoa- 

3 
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cdcoa^nut Ihells, in which they become con- 
dtenfed and folid. 

4. When we Ihall be more intimately ac* 
quainted with the great number of vegetable* 
that contain balfamic juices more or lefs con* 
Ci*et6, itnd volatile oils converted into refins or 
acids, >ve fhall be able by applying proper folvents 
otmote particularly alcohol, to obtain thofe im* 
tnediate produds, and increafe the clafs of nta* 
tefials fo important for the arts. This pfadice 
is already confiderably advanced, without a pro- 
per attention to the progrefs of the fciencc, by 
treating feveral vegetable matters with alcohol, 
which, as we fhall fee in the expofition of thefe 
l]pecies, are really charged with balfam* A kind 
of folid balfamls fabricated by condenfing in 
the air, or by heat, fuch volatile oils as are moil 
difpofed to acquire this ftate of refin or of acid. 

C. Fh^ai Properties. 

5. The balfams can never be as liquid and as 
light as the volatile oils, becaufe they are always 
produced by an alteration in thefe laft. They are 
therefore condenfed -vifcid juices, flowing with 
flownefs and difficulty, fpeedily aiTumkig the 
concrete form of a brown or ruddy colour, of an 
figreeable aromatic fmdl when comprefled, rub^ 
bed or heated, and particularly when perforated 
with an ignited pin, 

• 6. t*heir fpeciUc gravity lies between h 1 and 
I ft. They all exhibit an acrid and firmg 

finell 



fmdl when mafticated for a t!mf • Hiey redden 
blue vegetable colours when their powder is 
Bitxed with thofe colours diffolved in water. 
I .When heated they melt, and ibon exhale a white 
vapour of a very ftrong and penetrating fmdL 
By cooling after fufion they preient on theit 
fnr^ce a white needled or ihowy powder. Th# 
heat which fufes them produces aliGp^ a partial dr« 
eompofitiofi, 

D. Cbemcal Propertici. 

7. All the chemical properties of the natural 
balikms fhow that thefe fubftances are compounds 
of refins and benzoic acid. Many of thefe pro* 
perties being analogous to thofe of the refins, 
we ihall iniift only upon fuch as are proper to 
diftinguifld them, and which are owing, as we 
ihall fee to the prefence of benzoic acid in thefe 
juices, 

8; When they are heated ftrongly with the 
conta6l of the air, they afford during their fu<» 
iion and fwelling up, a very odorant white fiim^ 
of a iliarp acrid fmell, exciting cough and tears^ 
which when diffufed in the air, communicates 
'an agreeable perfume. It is the true incenfe. 
When heated in clofed veffels, the fubftance of 
this vapour becomes condenfed in cryftalline 
needles, or plates, of an acrid nature. In a word, 
we obtain the benzoic acid of which I have 
fully treated. in one of the preceding artides, 
and which amounts to one fifth of their weight. 

After 
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^ftcrliavjilg aflfpi^Jed .this prod iiiE^ riicrefiduc 

9. Ii^^he air^they j^pc.wot -liable 'to change^ 

feQJ^b f JJPObfe^:^^; i^.-fky:?'}^^^ -cojacfetc ftate.; if^ 
^ey beftiU^feitth^; dry^twvd fqmetime^ fufFer^ 

sislx^yefsjtlj^lB wiji^ i^fiitiibUng.fnOA^ 

or fiiiall white needles, Avhich have.:|?mi\ea}Ig4 
the flowers of certain fubftances. 

JO. Tlie water in which they are boiled foftens 
and fufes thenr, and dil!blvts part of their acid, 
^vjiicjx-rpay €yeu be obtained ftparate and cryf- 
talli^^ed by cooling, asGeoflTroy firft; ibowed at the 
commencement of the eighteenth-centuryv but 
w^J.c^npQt obtain by ,^his means more than 4 
Jimall portion of their b^nzoip acid ; th^ greateft 
j)ar.t fenVaining i]xed and enveloped by the fnfed 
refitj : fo. that, we* cannot have an accurate 
analyfis by this procefs, which merely proves 
thatrthe balfams contain a concrefcible and vo- 
J^tile acid*. ^ 

^.. 11.. Tbc,acids da i>ot 3,(51 upon the balfams; 
%hci alkalis f?ize their benzoic acid and form 
foluble henz^oates. Lime is- more particularly 
employecl taattraclthe acid, after the manner of 
Sc^ieeje, las J have already obfcrved in the a|t- 
tjcle of acids. 

V 12.' Tl^e b^^lfams are foluble like.tlie refmsia 
.qik particularly volatile oil^^ and form fola- 
tions of difrerent degrees of den fity and vifcidity, 
*-^ich aw fre(|ue^tly, prepared for pliarxnaceutic 

E. Species 
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13.. I HAVE 'already obferved that more vc^ 
getablebalfamicfub'ftanc^s exift than are reclcon- 
ed iu the n^ateria medica. Hitherto' we have 
l^iiown only benzoin, '. the '. balfams of Peru 
and jrojii,. which are cpnfouhdecj. together, ■ and 
florstx,' to which jnuft be added the common 
fto^ax . q?' 0ie ihdps, as a variety of ftorax. I 
k^d to itiefe weU-kiiown fpecies the balfara of 
yantllaraj^<l that oFCanella, becaufe thefe two 
fubftances contam volatile oil and benzoic acid, 
i^n the Rroper condition to form true balfams. , 

^. fteozgin: two forts are diftinffuilhed, the 
be^.?Di5 j^/nygdalpides, formed pf wjiite tears 
refembliiii^aliiaonds, CQnnefled'oy a brown ce^ 
ip^nL 4t. i;eiembles 6un/?pwo-tf<.*. Common ben- 
2Q.in is bro^vrn, and without tears: it emits a very 
pleafant odp.u;* when fu fed, or when punftured 
with a heated needle. The tree \A'hich affords 
it is. little knovrn. Driander calls it ttyrax 
benzoifera. Mm ray however obferves thatthe 
b^rk of tlie wood of this tree emits the odour of 
bejazoin even when.burncd. According to hira 
it is verv doubtful whence this balfam comes. 

. ij^nzoinjs exported from the kingdom of Siam, 
.^nd tfjf.Jiie^ef Sumatra. . It. affords very little 
^pjatjile oilon account of its folidity.. Boiling 
'\vatej;exti'a6ls an acid fait in needles, of a flrong 
fmell, .which cryflallizes by cooling ; it is alfo 
pbtained py iublimation, and was formerly called 

flowers 
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powers of benzoin. This operation is made in 
two glazed earthen veffels, one above the other, 
and luted together with paper. For this pur- 
pofe a very gentle fire muft be af^lied, otherwifc 
the fait will ^be brown. The paper cone which 
was formerly ufed for this purpbfe fiiifers much 
of the concrete acid to efcape. 1 have Ifeown 
the properties of this acid in one of the pieced* 
Ing articles. Bei^zoin afterwards diftilled by the 
^ort, affords a very acid phlegm, a portion of 
concrete and brown acid, brown and thick oil, 
and a coal which remains contains a^froall quan- 
tity of pot-afh, and (bme tracer of alkaline and 
calcareous falts. 

Benzoin is foliible in alcohol, and its tin£hire 
precipitated by water conftitutes the lac vir- 
ginale. The fait of benzoin or benzoic acid is 
employed as a good detergent Jn pituitdus dif* 
orders of the lungs or the reins. Its oiris dlf- 
cutient, and is externally ufed for paralyzed 
Itmbs> &c. Benzoin in a ci*ude ftate is ufed as 
incenfe. 

B. Balfam of Tolu. This comes to us in 
yellowifh tears, or in a fluid ftate. It flows 
from the toluifera, placed by ^.innaeus in the 
clafs of the decandria monogynia. We receiS^'e 
it from South America, between Carthagena and 
Nombr^'de-Dios, which the iflanders call Tolu, 
and the Spaniards Honduras. It affords by 
analyfls tlie fame produfts as benzoin, arid' par- 
ticularly a concrete acid fait ; it is ufed in dif- 
orders of the lungs, and is made into a fy rup. 

C. Balfam 



'' V. BitHkm *<>f rem : inodatn tntnraMs difiin^ 
guHh balfam ^'P^m from that ^f TohL It 
flows }ti^6l from a difRrent tree, and comei to 
tn in tediifh tears, ^ «fUe mckfed in cocoa-^ftut 
IheAs. It 19 extfafSed by pUmgiog Hi^Se (bells 
M bo^bg wafter, iv4uch foftens it, and rau&s it 
ta'fiow (ytiL It ^refents the iame chemical ipro* 
|>€tties, abd is^applied to tfaeiame u&s as the 
pteceding baMknh Its fniell is fameWtisA dif- 
let^nt ^)rhen httmedtately eoo^pared mth 4^at of 
fealfam of Tolu* 

3?. Storax is a 'foKd balfam, in redTdiy tear% 
or dfe brown and adhefive : it; has a very il2x>ng 
Imell. It flows from the oiietttal liquid aniber, 
aslant Httle ktiont^n. Diihamel obferved a juice 
of the fa^me fmell flow from the allboaafier. 
(Keumann analyzed piM^e ftorax, and obtained 
^ety Kttle volatjle oil, a exonerate aoid {sdt, and 
a thick ^ oil 

Its nfe is fimilar to that of henzGm ; it is eC* 
pecially employed for perfuntea. 

Formerly it was imported enclofed in. reeds^ 
an which account it received-the oiame cfjlyraje'\ 
caktmita ; at prcient it is^ brougbt to'us in the 
form of cakes, oi- irregular maflfesjof a peddidi- 
brdwn colour, mixed with fome tears of a 
lighter tinge, and of a very pleafantifinell. 

The common 'ftytax,^ employed for ibepr^epa- 
tatioii of the ointment * which bears 'its -name, h 
a liquid juice ptX)ceeding'froni'tbe^fam€f*ree^a& 
the ftorax ; it is the ^ gmflfeft «nd -wioft > impntae 
part of the liquidambar ; it contains much imf» 

purities 



purities, and portiQnsKrf-rbark. Citizen Bouillon- 
la-Grange has: made a cheinij^al examination* of 
it; he has found: that-^t" -becomes -clotted,: and 
much Avelled by the, action of the fire^.that 
much of it is loft, in attempting to purify it by 
fufion and ftrainittg, as hafr been propofed in 
pharmacy. He has extra^ed- benzoic ^cid from 
it in confiderable abundance by means of lime; 
has propofed to purify, it by means of alco- 
hol, and to employ it thus purified for the pre- 
paration of the ointment. When obtained by 
this procefs, it aflumes moft of tlie properties of 
true ftorax. 

E. I admit a balfam of vanilla, though it is 
not yet known, and has not been extra6ted, be- 
caufe benzoic acid may be volatilized from 
this legume, and becaufe it contains a refin in 
confiderable abundance. By treating vanilla 
with alcohol, and afterwards evaporating its 
alcoholic folution or ti.nfilure, this balfam will 
be obtained, which will prefent the chari^fters of 

^LOlaX*. ... • . Gjif* .. ■". ' • • , • 

F. I can. fay the^fame of cinnamon, as it af- 
fords volatile ml in abundance by diftillatioga, 
and as its diftilled water depofits • cryftals , of 
benzoic acid by cooling. There is reafon to 
believQ lithat by treating cinnamon with alco- 
hol, and eyaporjiting the ftroug tinfture thus 
obtain.ed^. a real balfam of cinnamon will be 
extracted,, bri>wn,. odorous, fufibl^, afibrding 

ibeuzoic-^adioft by the fire, &c. , 

•:::i rip;;:::: f-::&u :/; -_ .:... ..-.,_ - -y, • 
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F. Ufa. 

- ■ ■ * * 

14. The balfams, as Avehave feen, are much 
employed in medicine. Tliey are ftill more em- 
ployed in perfumes ; for the latter ufe, they are 
made ap ia all forts of forrrts. They prevent and 
retardi the potrefti^fen of anhnal matters^ and 
are^tr^itieJyUdiffirl iti embahning, ^<^hich de- 
rives- its-ii4kle-fi«6nnhf nV:* • • Sdimetiriie^^the per- 
fume i^ ^(Xftt)ift*^ Wirir^alc^hol and fugar, in 
prepaFi'»^ f»^.??/f^/-fof the'tabl^, &c. - • - ' 

li.» '.*>l»> .!••• .I... ^ ... ... .... 



.• » »" 



O/* the SLvth of the immediate J\f ateriaU c^ 
VegetabUs;. col^rjjig M^tUr^\, * 

^ 1. THE cblb At ibn' of vegetables;^ 

^different parts/ is ohCtift^e moft beautiful plic^- 

nomenona which the vegetable ecotibrtiy* pre*- 

fentfl. It has at all times^ excited the attention 

<)f philofoplrers,' and theV nave bieen inceffant- 

^ ly engaged" in inv'eftigating'"^its 'caufe; 'Ch 

mifts'liave believed, after a 'mult'iplicfty W iV- 

fearchds, that it prftc^eds^ ffoW a^^aTficailar 

matter, which they have denominated c*oM2/K 

ij2g principle ; but tfeey 'foon foiiiid* * ih^sltl flm 

pretended 



• 
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pretended principle, inftead of being identical 
and conftant, was very much varied in its pro- 
perties, and ought not to be confidered as al- 
wrays one and the fame inatter. Were it even 
well proved, ivrhat tlie great Newton has ad<» 
.vanced, that -the dii9SeFent colotration depends 
i»poB the diverfity ef the luiface$, and the 
maaner in which each of thefe furfaces neflei^te 
or xefrafls the j;ays of the lights it wouid imHie* 
diately refult that the very dilSeres/ce ^f ^ 
CKtemal fnrfaces of thefe bodies inuft imply a 
difference in the jtexture and compofitioQ of 
each of them* Thus from the mere circum- 
fiance that the' colours and the different parts 
of vegetables are very much varied, it follows 
that this varietyiUetf muft beneceflarily con« 
neded with thatoftiietr nature : which evidently 
proves that no identical colouring principle can 
be admitted in plants. 

2. The ilighteft obfervation of vegetables 
proves that) befides the green colour which is 
generally diffufed throughout their foliage, 
Iheir different parts are tinged in a verydiiferent 
manner; that none of them entirely lefembles 
another in this property, and dvit the feat of 
what ate called colouring parts is dilTeminated 
throughout all their organs, almoft with a kind 
of indifference, which ihows that this property 
of the.xoloration.ltfelf is, if I may ufe th^ex^- 
fH&oUy of very little expenie to nature, and thsit 
it is asiitvwece the lieceflary confequence of all 
Jbef pl^enomena lof yegetation, 

5. However, 

r 
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3. However, the fame obfervation, though 
hafty, is equally fufticient to fliow that the con- 
ta6l of the light has fo much influence upon the 
formation of the colouring parts, that it feems 
even neceflary for their produ6Hon. The barks, 
from the epidermis to the cortical layers, are 
conftantlv more coloured than the interior of. 
the trunks and of the ti'ees. The leaves, -as 
they are unfolded out of their buds, are of a 
pale green colour, Mhich gradually darkens in 
proportion as they develop fhemfclves in the 
air ; thofe that unfold tbemfelyes in the fhade 
are white and iufulated like the ftalks or the 
branches. At the moment when the flowers 
open or protrude themfelves out of the calixes 
in which they were folded up or enclofed^ they 
are for the greater part without colour, and 
acquire a tinge only in proportion as they are 
expofed to the air^n^ to the fun. However, it 
feems that an exception is found to this rule, 
when we fee the roots and fruits prefent even in 
the interior of their texture, which is always de- 
prived of light, in fome inftances a very marked 
coloration ; and it is frequently in the pro- 
foundly hidden parts that the moft beautiful 
and moft durable colours are found for the art of 
dyeing. The force of this objection is dimi- 
niflied when we obferve that thefe coloured 
roots and fruits belong in general to vegetables 
that have been long immerfed in light, that 
grow in latitudes where the rays of the fun 
ftrike them vertically, that have a fuong and 
Vol. VUL F durable 
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durable vigour in their vegetation, and in whicR 
confequently the influence of the luminous prin- 
ciple penetrates even into the moft intimate an^ 
moft remote organs of their ftrufture. 



B. ExtraffioH, 

4f. Since the colouring matters muft be ac-' 
knowledged to be more or lefs numerous and 
different from one another, it is evident that 
the means of ext rafting them muft vary accord- 
ing to their nature. I do not fpeak here only 
of the coloured parts of vegetables which, in 
their mafs, require only to be feparated from 
thofe that are not coloured, and which need 
only be forted and colle6led, or mechanically 
feparated from each other. Tliofe are only the 
refervoirs of the colouring matters; they are 
only fnrfaces, moft frequently hard and ligne- 
ous, to which the true colouring parts are glued 
as it were, and adhere like varniflies. They re- 
quire to be fepai-ated or detached from thefe fur- 
faces. 

5. This fcparation cannot be effefted by mecha- 
nical means, becaufe the colouring matters are of 
an extreme tenuity, and moft frequently in a ftate 
of fuch drynefs, and at the fame time adhefion to 
the parts which they cover, and in fome fort de- 
corate, that it is only by chemical procefTes that 
we can fuccqcd in fcparating them. Recourfe is 
almoft always had to different folvents, according 
to the di verfity of thofe matters. Cold or hot wa- 
ter, 



t€r,ioiigebullition,fometimesthealkalineTnattera 
or other re-agents applied to tbefe coloured ve- 
getable bodies, are the principal means that are 
{)ut in praftice, as well in chemical opera- 
tionsj and with a view to examine their nature 
as in the proceffes of dyeing, and with the in- 
tention of afterwards applying the colours to the 
threads, the textures, and the ftuffs deftined to 

receive them. 

6. Sometimes the vegetable colouring part is 
diffolved or diluted in vegetable liquids and then 
they nee4 only to be extrafted by preffure; but 
this cafe fcarce ever obtains, except with the green 
colours and the fecula, which are their vehicle; 
and though it is frequently obfetved by the che* 
mill in his experiments, it but very rarely prefents 
itfelf to the dyer in his praftice. And even with 
the chemift himfelf, it is of all the circumftances 
relative to the extraftion of the vegetable co- 
louring partSj the leaft frequent ; for it has really 
no application, except for the green colours. 

7. There a?e many circumftances in which the 
chemical art is not confined, as to the preparation 
of thefe colours, to the extraftion of thefe mat- 
ters from the vegetable fubftances which con* 
tain them ; it frequently extends itfelf even t^ 
the procelfes -for modifying or actually form- 
ing them, either by a feries of fpontaneous 
alterations of which they are fufceptible by 
fermentation and agitation in die air, or by 
mixing them with diflferent fubftances which, 
wfeilft they render them more foluble^ mo- 

F 8 dify 
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dify them, and Caufe them to pafs into the ftate 
which the art requires. It is in this manner 
that the fecula of the indigo plant and of the 
paftel is made to pafs from the green into the 
hlue ftate, the grey or fawn-coloured powders 
of the lichens into the brilliant red of the ar- 
chil, &c. - 



C. Phtjifical Properties. 

8. In treating of fubftances fo various and 
To numerous as the colours of plants, it is im- 
poffible to occupy the mind with any other 
properties befides their coloration itfelf; and 
this phenomenon alone prefents in itfelf a fuffi- 
ciently beautiful feries of obfervations and 
gradations to merit fome particular conlidera- 
tions. Amongft the multiplied varieties of co- 
lours with which the vegetables are adorned, we 
find that the green is the moft abundant and 
moft univerfally diffufed; and that this green, 
which inceffantly varies in its fliadc, and which 
firft pafles from the pale to the deep green, 
afterwards undergoes a degradation in all ve- 
getables, till it terminates in a more or lefs 
fixed and pronounced fawn-colour, which is 
known by the name of dead leaf. We after- 
wards find that the yellow is alfo one of the 
moft frequent vegetable colours, and at the 
fame time that it is the moft permanent and the 
leaft alterable colour that is known. We then 

fee 
S 
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fee the blue and the red alfo prefent themfelves 
in great abundance, and exhibit extremely va- 
ried tinges, the fhades and qualities of which 
are no lefs interefting to the eye than aftonilli- 
ing, on account of their inconceivable multi- 
plicity. Finally, obfervation proves alfo, that 
amongft the mixed colours, there are a multi- 
tude which refult from the union or the mix- 
ture of two or more colouring matters; whilft 
there are others of a fimple and primitive com- 
pofition. 

9. The primary caufe of the coloration of 
all bodies appearing to depend upon the dif- 
ferent properties which thefe bodies have of 
refle6:ing different rays of light; it is of im- 
portance here to remark that the weakeft re- 
flexion exhibits tlie blue rays approaching to 
black, that th e yellow ray depend s upon a more 
confiderable re( ■.he red is that 




which indicatt 
may add to tl 
order feems to 
bullion and c 
feeble combuft 
ftronger inflamr 
the moft eneigi 



flexion. We 
hat the fame 
ure in com- 
^ The moa 
]e light ; a 
night, and 
leigd 'white, the 

confequence of L..„ ^^vtn icne».iiuii o'f the lumi- 
nous rays. It feems that there is here alfo 
fome analogy with the phenomenon of the oxi- 
, dation of metals. The leaft oxided arc black 
or blue ; as they become more oxided, they pafs 
ipto the yellow and orange ftates ; and when fur- 
cJiargcd 
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charged with oxigen, they become red and 
white, In the fame manner, the colour of tho 
maffes of air is blue^ as well as the light of the 
moon received upon wfiite bodies, like that 
which furrounds the fhade of bodies projeded . 
upon white furfaces. Whatever ingenuity there ' 
may be in thefe approximations, they however 
teach us nothing pofitive refpefting the nature 
of the colouring parts, nor have they yet any 
e^vaft relation with their chemicq.! properties, 



D. Chemical Properties. 

1(X Though according to the diverfities al-^ 
ready announced in the vegetable colouring 
matters, it is really impoffible to give generic 
charafters which apply to them all ; though it 
is evident that their exaft hiftory can only be 
fpecificj it is however ufeful to feek amongft 
tlie generality of their properties fome of thofe 
which, being more or lefs diftin<5lly marked as- 
charaderiftic of thefe fubftances, and not be- 
longing to fubftances of another genus, muft 
juftly be confidered as belonging exclufively to 
them. It is very evident that it cannot be in 
the fame order which has been adopted for all 
the immediate materials hitherto treated of, that 
this table can be conftrucled ; as they do not 
really refemble any of thofe materials, their che- 
mical hiftory muft alfo be in a certain degree 
independent of them. The firft chemifts wha 

2 have 
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have occupied themfelves with the examination 
of thefe colouring matters, Hellot, Lepileur 
d^Apligny, Hecquet d'Orval, Maz6as, Macquer, 
and Poerner, have only committed errors, nor 
could they do otherwife. It is only fince the 
happy data of the pneumatic doftrine thatCitizen 
Berthollet has begun to throw the greateft light 
upon this department of the fcience, and that 
Citizens Hauffman and Chaptal have alfo in- 
creafed our knowledge refpeding it. 

11. It is particularly by the chemical at- 
tractions which the colouring vegetable mat*- 
ters exercife upon the acids, the alkalis, the 
earths, the metallic oxides, oxigen, and the 
textures, from wool to flax, that thefe mat- 
ters, are eminently diftinguiflied from the 
other vegetable matters, as Citizen Berthollet 
has firft fhown. Their attrafilion for alumine, 
and the metallic oxides, is fo great that they 
frequently feparate them from the acids, and 
are precipitated with them from their common 
fplvent Their union with thofe earthy or me* 
tallic bafes .modifies their colours, frequently 
changes them, but renders tlxeni, on the one 
hand, more permanent than they were before, 
and lefs fenfible to the a6lion of the air, and of 
the other external agents. 

12. One of the principal and moft effential 
chafaders of the colouring parts, is their altera- 
bility and mutability by the contaft of the air 
and of the light. In general, the oxigen is a:b- 
forbed by thefe matters,, which pafs into the 

yellow, 
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yellow, the brown, or the chefnut-red, accord- 
ing to the proportion of it which they contain- 
Many, at the fame time, lofe a portion of their 
hidrogen by a real flow combuftion ; and then 
the predominant carbon efpecially contributes 
to make them pafs into a higher degree of co* 
Joration, and into cafts more and more intenfe. 
Thus, in general, all the vegetable colours ex- 
perience this double efFeft from the a6lion of the 
air; they abforb oxigen from it, and fuffer a 
portion of tlieir hidrogeu to be diflipated ; in 
fuch a manner, however, that the confequence 
of the firft effect is in general a formation of 
red or brown tinges, and that of the fecond a 
perpetual tendency towards the black, towards 
the coaly ftate, towards one of the terms of the 
vegetable decompofition. The nitric acid, the 
fulphuric acid, and the oxigenated muriatic 
acid, aQ: in the fame manner upon the colouring 
parts. I have made it appear, in a particular 
inquiry upon the vegetable matters diffolved in 
water, that all of them have more or lefs co- 
lour, that their coloration is augmented by the 
couta6l of the air and the abforption of oxigen ; 
that determinate proportions of the latter pro- 
duce certain fixed compounds at a certain tem- 
perature, the character of which is to have fuch 
or fuch a colour ; that the maximum of this 
colouring oxigenation is, after having paffed 
through the reds and t<he browns, to produce 
the yellow, the mod conftant, the moft fixed, 
an4 the moft unalterable of the natural cor 

lours 



COLOUBING MATTERS. 73 

lours of vegetables. Citizen Berthollet, on his 
part, has confidered the dark brown and black 
coloration by the contact of the air, as the pro- 
du6lofa combuftion of the hidrogen, and of 
the denudation of the carbon, — as a kind of How 
combuftion. He has fhown that the folidity, 
the fixity of the vegetable colours depend 
upon the greater or lefs difpofition which thefe 
parts had to experience this combuftion. 

1 3. In proportion as the colouring matters ex^ 
perience the firft of thefe efte6is, or the abforp^ 
tion of oxigen, which combines entirely with 
them and changes their hue, they in general 
ceafe to be fo foluble in water as they were be- 
fore; they even become entirely infoluble m 
this liquid ; they at the fame time acquire folu- 
bility in the alkalis and in alcohol ; they appear 
to approximate much to the nature of the oily- 
matters, to hold a fort of middle rank between 
the. refms and the fatSy without however being 
«xa6lly either the one or the other ; they are 
what I have called the oxige)iated e.vt7'a8ive ; 
for the greater number of the vegetable colours 
have the charafter of what has been defignatcd 
by the name ofextraBs. The fame is the cafe 
with thofe which have acquired darker colours 
by the lofs of their hidrogen, and the fuper- 
abundance of their carbon ; by becoming blacker 
they have become lefs alterable, lefs fenfible, lefs 
foluble, and it is even remarked that the colour- 
ing parts that are naturally the moft folid, the 
Icaft changeable, themoft durable or permanent, 

oM^e 
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owe this property to the confiderable proportion 
of free carbon which they contain. Accord- 
ingly they are generally prepared by a prelimi- 
nary and more or lefs advanced combuftion of their 
hidrogen, which takes place more efpecially in 
the fermentations whix^h are employed for indigo, 
paftel, woad, &c. : it is on this account that thefe 
colours, though ftill fufceptible of being in fome 
degree changed by oxigen, are more capable of 
being diluted than diffolved. 

14. The colouring matters unite eafily with 
the metallic oxides, and experience in the 
union which they contrad with them, a com* 
bullion proportionate to the quantity of oxi- 
gen which they can take from them ; thus 
the colours of thefe combinations are, as Citizen 
BerthoUet has . remarked, a product of that 
which is peculiar to them and to the oxide, 
plus the oxigen added to the firft, and minus 
that which is taken away from the latter ; for 
wemuft calculate this double effe6l which modi- 
fies the colour of each of thefe fubftanpes. Hence 
the oxides with which oxigen has little adhefion, 
are the leaft proper for attracting and fixing the 
vegetable colouring matters, which they burn 
too ftrongly, as do thofe of gold, of filver and 
of mercury; thofe which yield too much of it, 
and experience great changes in their own 
colour, fuch as thofe of bifmuth, oflcadandof 
copper, ai*e alfo bad intermediates ; the moft 
proper for attaining the objeft of fixing co- 
lours without altering them, are thofe which re- 
tain 
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tain the oxigen with force, and the colour of 
which is little changed by yielding a portion of 
it. Thus the oxide of tin, which has little ad- 
hefion with the acid folvents, and is ftrongly 
attrafted by the colouring parts, giving them a 
bafis of a beautiful white, which exalts their 
luftre whilft it weakens their tinge, has the 
greateft advantages in^ dyeing. 

15. This iimple theory explains the effe€t pro-^ 
duced upon the folutions of the colouring parts 
by the metallic folution; and efpecially the pre^ 
cipitation occafioned in it by the fuper-oxigen^ 
ated muriate of tin. There is fome analogy 
between this eife6l and that of alumine ; which 
unites very eafily with the colouring matters, 
which frequently abandons its acid folvents to 
combine with it ; which, by precipitating itfelf 
along with them upon the fluffs, favours their ad* 
hefionand ftability, and which, by its pure white, 
renders their tinge clearer, whilft at the fame time 
it flops the progrefs of their combuflion, both 
in the fixation of the oxigen, and in the diferi-^ 
gagerpent of the hidrogen. Such is the idea 
that ought to be formed of the aclion of the 
mordants, Amongft thefe, the aftringent ve- 
getable fubftance, efpecially that, which is 
contained in the nut-gall, fumac, and the bark 
of the oak, the effe6l of which upon the fluffs 
fo frequently ferves as a preparation preliminary 
to the dyeing of them, is efpecially ufeful by 
its eafy combuftion and carbonization by the 
ponta6i*of th? air, by the property of foon flop* 

ping 
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ping in its combuftlon, and abforbing little 
oxigen, by its attraftion for the matters of the 
textures, and efpecially of thofe that are of 
an animal nature, as well as to the different co- 
louring parts, which it alfo attrads and firmly 
fixes upon the fluffs, to Adiich it communi- 
cates its own folidity. This is the reafon why 
galling is fo frequent and fo advantageous 
511) operation in dyeing. The aluming, which 
is afterwards prafilifed, renders the colouring 
matter more adherent and clears it, efpecially 
when the precipitation of the alumine is fa- 
voured by the addition of the acetite of lead 
to the alum which it decompofes, forming acetite 
of alumine, the bafe of which is much more eafy 
becaufe feparated and precipitated, it adheres 
lefs to the acetous acid, 

16. It has long fince been remarked that the 
colouring matters have a ftrong attraftion for 
animal fubftances, that they feize upon theft 
fubftances more quickly, and adhere to them 
much more ftrongly than to the vegetable fub- 
ftances. Thus wool and filk are the fubftances 
which take dyes the fooneft, and retain theni 
the longeit, whilft flax and hemp are the moft 
difficult to be dyed. This appears to proceed 
from the circumftance that the colouring matters 
are of an order of dompofition that approaches to 
that of the animal matters; they differ in fa6l 
from the gums, the fugar, the oils, the refins, 
the acids, by the prefence of azote, .which 
forms one of their primitive principles, and it is 

to 
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to this that they owe the property of affording 
ammonia iu their analyfis by fire ; they ap- 
proach in this circumftance to the nature of the 
extraftive matter, in the hiftory of which I have 
pointed out the fame chara6l:er, and of the lig- 
neous fubftance, concerning which I fliall treat 
in one of the fubfequent articles. The colouring 
fubftance alfo adheres in general, or is found 
moft frequently under both forms in vegetables; 
and when authors attempted to give a chemical 
definition with regard to its properties and its 
nature, it has been confidered either as an ex- 
traft, or as a ligneous fubftance. 

17. Though what has hitherto been ftated con- 
cerning the chemical properties of the colour- 
ing matter, might fuffice to characterize it as a 
genus, and though the more ample details belong 
rather to the hiftory of its fpecies, I muft not 
however omit mentioning in this place, that 
before the modern difcoveries, which have led to 
the general confiderations which I have juft 
enumerated, chemifts, efpecially Macquer and 
Bucquet, had diftinguiihed thefe colours, which 
they already knew to be very much varied and 
very different from each other, into, a. extrac- 
tive ov faponaceous colours^ entirely foluble in 
water, fo that they could not be precipitated 
upon the ftuffs unlefs by the aftion of the mor- 
dants which decompofe them ; b. rejino^earthy 
colour^y the character of which was to melt and 
dilute themfelves only in water with the aid of 
heat, fo that they were precipitated from it by 

mere 
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mere cooling, aiid adhered to the fluffs whicll 
were kept immerfed in their baths ; a rejinou^ 
colours^ infoluble in water, foluble in the alkalis, 
and frequently iti alc'bhdl; d. oily cdlours, folu-* 
ble particularly in the oils* But thefe diftinc* 
tioiis aie too few and at the fame time too inac-* 
curate ; for they afford only a \''ery imperfejSl 
idea of the diverfities of the colours, andof theif 
true diflindive charafters, though it is indeed 
very difficult to give fuch as fliall be much more 
precife and fatisfaftory. ^ 

1 8. There is another difference relative to thel 
vegetable colouring parts, the inquiry into the, 
caufe of which is of much greater importance, 
namely, that which relates to the nature of the 
coloration itfelf. In general only three primi- 
tive or principal colours are known in vege- 
tables, namely, blue, yellow, and red ; and 
there is reafon to believe that each of thefe 
primitive colours is a determinate combination 
of the principles which conflitute the colouring 
matters. Nothing is yet made out in the fci^nce 
refpefting the difference of thefe three colours : 
all that is known is, that of the three the yellow 
has in general themofl permanency and fiability ; 
that the blues are much varied in their proper- 
ties, tha,t the reds lead to the brown and the! 
black. We are confequently ftill more ignorant 
of the intimate caufes, or the multiplied com-* 
binations formed by the very numerous fhades of 
thefe three colours, the parents of all the reft* 

E. Species 
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19. The hiftory of the fpecies Is very truly, as 
I have already announced, that of the vegetable 

'colouring matters, fincethefefpecies, conftitut- 
ing a fpries of real differences amongftthemfelvesy 
require to be examined one after the other, 
and afford the only means which exift of drawing 
from their general comparifons the relations 
which they may have, and the charafters by 
which they may be united as a genus. But this 
fpecific hiftory feems not yet to form part of the 
fcience. As the whole belongs to the art of dye- 

, ing, it prefents, inftead of a perfe6l knowledge 
of tlie vegetable colours, only a feries of pro- 
ceffes for ^xtrading them, feparating them from 
their folvents, precipitating them upon the 
ftuffs, caufing them to adhere to them, and 
rendering them more or lefs ftable, fixed, per- 
manent and unalterable. It is not, however, tlie 

•art which we are here to defcribe ; for this is al- 
together contained in that part of the fcience 
which I defignate by the word application, and 
muft be treated after we have gone through the 
three firft branches of the chemical fyftem. I 
muft borrow from this ingenious and important 
art fo much only as may throw fome light Upon 
the properties of the colouring matters. 

20. The diflficulty of diftinguifliing and 
claffing the fpecies of vegetable colouring 

matters, 
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matters, proceeds efpecially from the circuin- 
fiance that we do not exa6lly know the nature 
of each of them ; accordingly it is impoflible to 
difpofe them, at leaft in an.exa6l and fatisfac- 
tory manner, accordiqg to their chemical pro- 
perties ; it is very evident that the divifion of 
Macquer can no longer be adopted. What can 
be done in this refpeft, reduces itfelf to the con- 
fideration of thefe colouring matters as forming 
four genera hitherto very inaccurately divided, 
the divifion of which muft be a mere outline. 
Thefe four genera are, 1. the pure extra6iive 
colours; 2. the oxigenated extradive colours; 
3. the carbonated colours; 4. the oily or refinous 
hidrogenated colours* 

21. We may rank the firft genus, namely^ 
amongft thepiire e.vtraStive colours^ thofe which 
appear in fact to be entirely fiiiiilar to the extrac- 
tive, which are perfedly foluble in hot water, 
which do not quit this folvent by cooling, which . 
cannot be applied to the fluffs unlefs hy the 
help of the faline or metallic mordants that de-^ 
compofe them, and oxide them in fuch a man- 
ner as to render them infoluble. By thefe means, 
and by employing tartar, alum, the acids, and 
. efpecially the metallic oxides and falts, they are 
made to approach to the nature of thofe of the 
fecond genus, oxigen is furniflied to them, their 
colour indeed is changed, they are modified in 
a manner which we ought to know previous 
to ufing them ; but they are feparated from the 
water, and they are made to depofit themfelves 

upon 
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Upon and attach themfelves to the ftufFs* '-To 
this genus belong the Campeachy and Dpazil 
woods, the yellow wood, madder, veld>. and 
tlie firft colour of the carthamus x)V baftard faf- 
fron. • AH thefe colouring parts diffolve in water; 
which they tinge nwre ot lefs ftrongly according 
to their colour: when mixed with alum or 
muriate of tin, and precipitated afterwaids by 
an alkali, they afford lakes. 

22. I place in the fecondgeniisof oxigehated 
extraftive colours, thofc which have experienced, 
as it appears, by the effe6i of vcgejtation, a change 
in their nature, depending upon the abforptidn 
of oxigen, which have therefore ceafed to be fo- 
iuble in water, as they originally were^ and are 
fufceptible only of being foftened, melted and 
TliiTeminated in this boiling liquid in fmall 
flakes, which are precipitated from it by cool- 
ing, and copfequentiy depoiited fpontaneoufly 
upon' the ftuffs, adhering to them and'dyeing 
them in a folid manner. The dyers call them 
root-colours. It is fufficient to keep the fluffs 
forfonie time immerfed in their bath for them to 
acquire a fixed colour; and this is almoft always 
more or lefs of a fawn colour. The foot of th€ 
patience, the woodland bark of the alder, and of 
the oak, fumac, the hufk of the walnut, and the 
nut-gall, are of this kind^ We may alfo refer 
to it almofl all the barks, the woods and the 
roots, from which are feparated, in the pharma- 
ceutical art, folid extrafts, that become brown 
Vol. VIIL G in 
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in the air, and the decodions of which become 
ttirbid, and afford a depofit by the contaft of 
the atmofphere. 

23. In the third genus I comprehend the co- 
lours which I call carbonated, becaufe all their 
properties announce that they contain a large 
proportion of carbon to which they owe 
their folidrty and fixability. It is thefe upon 
which, the modern difcoveries have began to 
throw the greiVeft light, and the nature and 
principal properties of which Citizen Berthollet 
has Explained in his memoirs, as alfo in his ele- 
ments of the art of dyeing. Before him, chemifts 
had very falfe ideas concerning them, or rather 
they had no accurate ideas, nor fatisfa6lory no- 
tions of them. They believed them to be oily or 
fefinous matters, whereas they are really neither 
the one nor the other. Notwithftandirig the fine 
analyfisof theincligo, themoft remarkable of thefe 
&)lbitrs, which was given by Bergman, nothing 
exa6l hacF yet been afcertained refpe6ling thefe 
fin gular matters, previous to the happy application 
frhifch Cifixen Berthollet made of the pneumatic 
doftrine to the theory of colouring matters. 
Thefe, which comprehend in their genus annatto, 
archil; indigOj* and paftel or woad, are not fimply 
extraSed by the aftion of water from natural ve- 
getable fubftances which contain them ready 
formed ; they are the produfil of a more or left 
profound alteration, of a more or lefs advanced 
decompofition, of a real combuftion effefted by 
putrefaftion, in which the hidrogen has been 
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exhaled more or left fpeedily, and the carbon 
has been fet free. They are diffolved or difFufed 
in the alkalis or alkaline matters, and fome- 
times by very particular procefles, of which I 
ihall fay a word hereafter. They are all fufcep- 
tible of another order of fermentation which 
burn^ them more ftrongly, and reduces them to 
the pure coaly ftate, 

24. I makd a fourth genus of vegetable co- 
louring matters, which I call hidrogenated or^ 
refinous colours, becaufe they are really of this 
nature : they are diftinguiflied by their inflam- 
mabihty, their infolubility in water, and their 
folubility in the oils and in alcohol. Theroot^ 
of alkanet gives, a brilliant red colour to oils. 
The coloured refins, dragon's blood, the refih of 
'•the ivy, that of gu^iacum, the gum-refins, con- 
tain this kind of colouring principle in abun- 
dance. It is perhaps one of the ii?bft frequent 
in the vegetables, fince there is nond df them 
that doies not give colour to oil or alcohol. But 
thefe colours, though holding a very remark- 
able place amongft chemical fads, occupy only 
a very fmall one in the art which is occupied 
with their extra6lion and application ; for they 
are fcarcely, if at all, employed in dyeing. Tlie 
rofe itfelf, a flower fo delicate and tranf^ent that 
it has al^V-ays been taken by the poets^ • a^ tlni 
fymbol of beauty, gives a tinge to alcohbl which 
becomes^ reddilh by the a6lion of the acids^ atid 
green by that of an alkali. It is to this ' order 
alfo that we *r6 to refer the green colour^' fd 
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univerfally difFufed amongft plants, and which 
is neverthelefs fo alterable that it can never 
be preferved. This colouring part is foluble 
in the oils and in alcjohol. There are alfo cer- 
tain vegetable colours which belong to none of 
the four preceding genera, as they have not - 
their charafters, and there is fcarce any means 
of diffolving them : fuch is the yellow of the 
flowers, and efpecially that of the petals of the 
ranunculus, and of feveral, other flowers that are 
equally unalterable. This general diftindion 
of colouring matters into four genera is not 
fufficient for conftdering their fpecics. It is ne- 
ceffary to treat of them under another point of 
view, and by defcending to each of them, to" con- 
fider them with relation to the different general 
hiies with which they are decorated. Here the 
bafis of the dyer's art mufl; ferve as our guide. 
Under this relation there are four very difl:in6l 
genera of vegetable colouring matters ; the blues, 
the reds, the yellows and the fawn colours, with 
which all poflible dyes are fabricated. 

26. Amongft the blue colours, the indigo, the 
paftel, and the turnfole, prefent themfclves. 
. J. The indigo is prepared, in America and 
Africa, with a plant called anil : it is tlie in-* 
digofera tinQoria of Linnaus. When mature, 
it is chopped and put into a tub, where it is 
fteeped in water, on which account the tub is 
called the fteeping vat; it there ferments, 
axKl difengages much carbonic acid and hi- 
drogen gas; it acquires a blue colour by the 

progreis 
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l^fogrefs of the fermentation. The plant^ to- 
gether with its wlter, is drawn off into a fecond 
veffel called the beating vat, where it is agitated,' 
in order to feparate the carbonic acid from it, 
and caufe the particles of the blue fecula tq 
approach each other: fometimes lime-water is 
added to it, in order to abforb the acid more 
fpeedily. When the coloured fecula is well col- 
lected, and the yellow liquor cleared, the whole 
is poured, turbid and agitated, into a third vef- 
fel called a fettling vat, where this fecula is left 
to depofit itfelf,' and it is drawn off while ftill 
foft by a cock placed towards the bottom : it 
is then drained in canvas bags, after which it 
is poured in a pafte into fquare boxes, iii which 
it is dried in the air under fheds, to defend it 
from the fun, 

Thre^ principal fpecies of indigo are diftin- 
guiflied, according to its preparation and purity ; 
the light, or the flower indigo (indigo-Jlore) 
which comes from Guatimala, which floats upon 
water, and is of a blue colour ; the coppery indi- 
go^ which acquires the colour of copper when it 
is rubbed with a hard body; and the common 
indigOy which comes from Carolina, and is much 
lefs pure. But inthefe three fpecies it is always 
the fame matter which forms the blue ; it dif- 
fers only by the more or lefs confiderable ad- 
mixture of yellowj extraneous, and extraftive 
matters. Even the common indigo may be pu- 
rified by boiling it a long time in water. The 
fulphuric acid foftens and diflblves indigo, 

. altering 
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ajjbering only the mucous and extradivc fub- 
ll^inces that are mixed with it. The concentrated 
nitric ^cid burns it with a beautiful purplifli 
Qplourfid flame, and leaves a very volumi- 
pou^ coal : iron is found in the refiduum. 
More diluted ni|ric acid turns the indigo brown, 
converts it into gum-refin, and into vegetable 
acids, according to Hauffman, who publiflied, 
in 1778, a very good memoir upon this colour. 

The oxigenated muriatic acid, poured upon 
the folution of indigo by the fiilphuric acid, de- 
ftroys its colour, and changes it into abrownifli 
' yiellow. Citizen Berthollet has indicated this 
means for judging of the quality of indigo, ac*^ 
cording to the proportions of oxigenated mu- 
riajtic acjd which it requires to difcolour it. 
The indigo precipitated from its fulphuric folu-^ 
tion, diffoives in the fixed alkalis : thefe give 
it a green colour, which at laft they even def- 
troy* 

Its analyfis by fire, and by the acids, fliows 
that it contains^ hidrogen, azote, very little iron, 
and much carbon. ^ This laft principle appears 
to be more abundant in it than in any other ve- 
getable fubftance, as it forms more than^ half 
its weight. It is to this fuperabundance of 
carbon that Citizen Berthollet attributes all the 
chemical properties of indigo, and its colour 
which approaches to black. 

A part of the oxigen contained in indigo 
may be taken from it by the bodies that have 
great avidity for it, fuch as the green fulphate 
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of iron and the fulphuret of arfenic : it then 
becomes green iand foluble in the alkalis and 
lime ; but this folution is decompofed, and the 
indigo refumes its blue colour and infolubility, 
by the contadl of the air, which reftores to it 
the oxigen which it had loft, as isfeen in the 
vats of indigo which become blue at their ftir- 
face, and in the blue which is employed in 
the manufa6lure of printed calicos. Thusitsblue 
colour, though unalterable by the acids which 
only diffolve it, is owing to a certain proportion 
of oxigen ;. when it lofes part of it, it becomes 
green ; when it is reftored, it pafles again to 
the blue ; by uniting with it a too great pro- 
portion of this principle, it is entirely burned, be- 
comes brown or fawn-coloured, paffing through 
a green colour, which proceeds from the mixture 
of the yellow that has been formed with the 
blue that is left. ^ But this brown fawn co\o\xt 
of the complete combuftion does not admit of 
its return any more to the beautiful blue ftate. 
Hence it happens that the^ concentrated fulphu- 
xic, by hurtling it in part, gives, wheii em- 
ployed in dyeing, only a light or pale blue, fuch 
as that which is called Saxon blue; whereas, by 
employing lime and different other mixtures, ancj 
€fpecially a long continued application of heat 
and fermentation, as in the bliie vats in which 
woollen cloths anedyed, ^Yt obtain a rich and 
deep blue* 

JB. The pajiel is a blue paftej formfcd by the 

jputrefa&ion an4 redu^ioh into a kind of com^ 

poft 
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poft of the chopped ftalks of the ifatis tlnc^ 
foria^ or of the ifatis Lufitanica of Linnaeus, 
The plant, mowed and dried quickly in the fun, 
IS bruifed in a mill; it is then laid in heaps, 
which are flightly fprinkled with ftagnant wa-p 
ter, aqd guaided againft the fun. The fermen- 
tation is developed in them ; after a fortnight, 
thefe heiips are opened, they are bruifed andmix^r 
ed ; round balls are then formed of them, which 
^re dried by ex poling them to the wind and fun. 
When heaped upon one another, and fprinkled 
with putrificc] water, thefe balls become heated,, 
exhale ammonia, dry, and ar^ reduced into a 
blue which is fold jn commerce in this ftate. It 
is in the departments of Gard, Aveyron, and 
Dordagne, that this colour is prepared in this 
manner. In Calvados and the J^ower Seine one 
jf an inferior quality, called woad is prepared. 
Aftruc has treated the ifatis like the indigo- 
plant, and he fays he has extracted from it a 
powder of an indigo-blue colour. Mr. Gren 
has defcribcd a procefs praftifed in Germany, .. 
for changing, by fermentation, the ifatis into 
indigo : this procefs, which fucceeded, and 
which has fmc^ had the fame fuccefs in the ex- 
periments of Dambourney, though he M'a$ not 
acquainted with the German procefs, ha^ a 
great analqgy with the pro.cefs for the real in- 
fligo. A ftrong fprmentation tak^$ place in the 
fueping tub; much froth is formed; ^ bUic 
pellicle, of a gold colour at its furface, prefents 
itfelf ; the liquor is very fubjeft to putrefy, and 

requires 
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requires much attention in order to prevent it. 
The fecula is feparated from it by agitation and 
the addition of lime: it is dried in the fliade* 
It is evident that the ifatis comports itfelf like 
the indigo plant, and gives an analogous blue, 
which however is lefs delicate and rich. Fre^ 
quently it is mixed with it in vats, which are 
called paftel- vats, on account of this addition. 
Though the fame refcarches have not been 
made upon the paftel and woad as upon indigo, 
what has been feen is fufficient to prove that 
thefe two colouring matters, prepared and em* 
ployed in the fame manner^ are of _a very 
fimilar nature. 

C The fame is not the cafe with the bad 
blue colour known by the name of turnfole^ 
which is fabricated at Grand-Gallargues in ('ci- 
deoant) Languedoc, by impregnating rags with 
the juice of the croton tinBorhim. Thefe rags, 
which are called tournefol in rags, being ex- 
ported into Holland, are, as it appears, difco* 
loured and reduced into pafte with foda; of this 
the cakes of turnfole are formed, in which I 
have conftantly found foda, which gives them 
the violet-blue colour they are known to ppf* 
fefs, and which appear to me to be the red, 
tinged with blue, or rendered violet by the pre^ 
fence of the alkali. This tranfient colour, which 
is extremely alterable, and becomes red by the 
^ contact of the weakcft acids, as well as by many 
other bodies, is very different from the fecula 
of indigo; it ferves only to colour common 
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paper, and produces upon a multitude of tinges 
or ftains on piece goods which are quickly de- 
ftroyed by the air and the fun. 

27* The dyeing-reds, that is to fay the red 
colouring matters which may be extra^ed fronj 
vegetables, and which are employed fof dyeing 
this colour, are much more numerous than the 
blues properly fo called. In this genus are reck- 
oned madder, arqhil, carthamus, Brazil-wood, 
and Campeachy or log- wood. 

A. Madder, rubia tinBorum of Linnasus, fur* 
BiHies by its roots, when well cleaned, dried, 
pounded, and fifted, a powder of a fawn or 
reddifli yellow colour, from which only a part 
of the colour is extracted with boiling water, but 
the whole with water fliarpened.with alkali. It 
is therefore of the natijre of the oxigepated ex-* 
traftives ; it is aHb foluble in alcohol.' The al- 
kali gives to this dye a violet colour, the falts % 
fine red colour. It is employed only with 'mor- 
dants. The difference of the piece goods has 
much influence upon tliat of the dyes which 
are obtained from it. Pambourney, Beckmann, 
Wath, and Wogler, have made many intcreft* 
ing experiments upon the emplo3'ment of this 
material. Scheffer, Guhlichft Poerner, Citizens 
BerthoUet and Chaptal have alfb examined it 
with attention. It is with this material that the 
famous red cotton of Adrianpple is prepared. 
It is now manufaftured in France of ftill greater 
beauty and luftre^ It .appears that madder, 
like the carthamus, contains two different mat-» 
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ters, the one red and the other fawn-coloured. 

Its dccoftion affords infoluble pellicles, which de- 

pofit tjiemfelves like thofe which are formed on 

the extra6ls. It has the property of colouring 

the bones of animals to which it is given mixed 

with their nourifliment. As whatever belongs 

to its properties and ufes interefts only the art 

of dyeing, and prefents but few general refults 

to the fcience, I fhall not dilate more amply 

upon this fubjeft. Some modern chemifts fufped 

that it contains an acid. 

jB. Archil is a kind of violet-red pafte, 
prepared in the Canaries and at Cape Verd with 
the lichen roccella^ and in the departments of 
Puy-de-Dome and of Cantal, with the lichen pa^ 
melius; the firftis called orfeille d'herbCy and the 
fecond orfeille de terre. This laft is very much 
inferior in quality to. the firft. The archil is 
obtained by macerating thefe lichens, previoufly 
dried and pulverized with urine and lime. The 
.^rt of preparing it has not yet been defcribed 
with accuracy, and U confifts in fome parti- 
cular manipulations which appear to be ef- 
fential. Formerly it was prepared very good 
^t Florence : Micheli has indicated the mode 
^f its preparation, and it is after him that 
ttellot reports it. Archil gives its colour to 
Water, to the alkalis, and to alcohol. Tliis laft 
tilifture is efpecially ufed for thermometers; 
Its colour difappear? in a vacuum, and re-ap- 
P^ars in the air. The infufioii of archil is 
\i^let ; acids turn it red ; alum forma in it a 

precipitate 
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precipitate of a brown-red colour ; the inuriatc 
of tin a reddiih precipitate. When applied cold 
to marble, this infufion gives it a fine violet 
colour, which remains, according to Dufay, for 
feveral years without alteration in the air. Dye* 
ing with the archil is performed by immerfing ' 
the ftuffsin its fimple infufion. But this dye 
is of little durability ; it ought only to be em- 
ployed for heightening the tints and giving 
greater luftre to other colours ; the dyers, from 
the beauty of its colour, frequently make a 
-fraudulent ufe of this fubftance; the folution 
of tin caufes it to imitate fcarlet, and renders 
It as folid and durable as it is capable, 

C The flower of the carthamus, or baftard 
faffron, cartamas tinclorius of Linnaeus, when 
deprived of its fawn or yellow colour by water, 
gives, with the aid of the alkalis, another red 
' or very deep yellqw colour. This colour. may 
be precipitated by an acid which renders it 
yellow as Av^ell as the liquor. The flower muft 
be well walhed, or even prepared with water, be- 
fore it is finally dried, in order to deprive it of 
its firft colouring part,, and to preferve the fe- 
condpure. This yellowmay however be employed ^ 
with utility, according to Beckman, for dyeing 
cloths : he even aflcrts that carthamus con- 
tains more of it than the yellow wood. The 
red colour is extrafted by the alkalis, and efpe- 
cially by foda, and it is precipitated upon the 
fluffs by the acids, particularly that of the le- 
mon ; the acid of the berries of the fervice- 

tree 
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tree may be fubftituted inilead of lemon-juice, 
which is very dear. It is with the red fecula of 
the carthamus thus extra6led, and dried upon 
plates, that the rouge ufedi by ladies is prepar- 
ed, by mixing it with talc or Brianfon chalk, 
fcraped with the ftalks of theve-grafs. The car* 
thamus h cultivated in the large way in Spain, 
in Egypt, in the Levant, and in Thuringia. It 
would be a very good acquilition for France to 
make. Its feed aflfords a good oil, and fattens 
birds; its ftalks feed flieep and grafs in the 
winter ; and its flower is particularly ufeful for 
dyeing filk red, poppy, orange, cherry, rofe, and 
fleih-colour. 

Z). Brazil Avood, called alfo Fernambouc, 
wood of St. Martha, of Japan, of Sapan, ac- 
cording to the places from which it is brought, 
is cultivated in the Ifle de France ; that of ^ 
the Antilles is called brejillet, and is the leaft 
efteemed : this is one of the matters moft ufed 
in dyeing. Its botanical name is Ccefalpina crip- , 
ta^ dees, .fappan, Cues, vejicaria ; tliefe are the 
three fpecies of trees 'which afford the three 
varieties that have been indicated: the vefi- 
caria affords the brefillet. This wood becomes 
red in the air; it is of a faccharine tafte; the 
heavieft is the beft. Boiling water, alcohol, 
and ammonia, take from it all its colour ; it 
afterwards appears black. Thofe fplutions give 
a red colour to marble, which paffes to .the 
violet, and becomes fixed in the chocolate- 
brown 
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brown. The acids precipitate frotft its dccSoCr 
lion, flakes of a fawn-red colour. The alkalis 
rendet it crimfon or dark violet ; alum fbrmsf iu 
it a ciTiiifon-red precipitate, and a fecond is ob- 
tained from it by adding alkali to the liquor. 
The metallic fo.lutions alfo produce coloured pre- 
cipitates; that of the fuper-oxigenated muriate 
of tin gives one of a beautiful rofe colour. The 
decoftion of this wood, which is called Brazil 
juice in the workfliops, is more valuable when 
it has been kept for fome time than whenfreffiu 
Dyeing is performed with this juice, after having 
previoufly impregnated the fluffs with alum and 
with tartan It affords bright reds, which refift the 
effefts of the air pretty well; but are lefs folid 
than the madder-colours. . An acid added to 
the liquor, before the flilffs are immerfed in it, 
communicates to them a very folid fawn-yellow 
Colour. Alumine and oxide of tin give thii 
colour much more fixity than it naturally has* 
The aflringent principle alfo augments its foli- 
dity. Alkalis are employed for producing violets 
with it, but they have very little durability. It 
is ufeful to pulverize this wood, becaufe much 
more colour can then be extraded from it, - and 
that much more quickly and eafily. Lakes much 
employed for paper- fliaining are prepared from it 
with alum, flairch, and the alkalis, which preci- 
pitate its decoSion. 

E. Campeachy or log-wood, hcsmatoaytum 
Campechianum of Litmseus, grows in abun« 

dance 



COL-OURINa MATTEES. §5 

danre in Jamaica, of Avbich it alfo bears the 
nam«: it is* likewife abundant in St. Cruz, 
Martini Co,, and Grenada. This wood dif!er& 
from the Brazil only by the dyes which it 
afFoitls : its colouring part is of the fame nature, 
is rendered lighter and yellow by the £^C(ds> 
darker and violet by the alkalis, becomes brown 
and black in the air, is extremely foluble. in 
water, cannot be fixed alone upon the ftuffs, but 
requtreii)the a6lion of mordants, is rendered fo* 
ltd by the metallic folutions, alum and tartar: 
it is, like the Brazil wood, an extraftive co- 
louiTj flowly combuftible and dif-hidrogenated 
by the cont£i6l of the^air. It is efpecially cm- 
ployied for violet. dyes, and for giving a velvet 
appearance and luftre to the blacks and greys ; 
it'.is ufed in the dyeing of filk to produce a 
great number of dyes, from the lilac to the 
dark violet, by means- of the folution of tin* 
Dark coloured and confiderably folid lakes arc 
al'fijf priepared with its dcco6lion, 

28* Though the yellow colours are extremely 
abundant at the furface of vegetables, and 
though thefe efpecially arc the moft common and 
mod durable ornament of their flowers, yet the 
XKUDber^of the plants which afford foluble yel- 
lows applicable to dyeing, is not fo confiderable 
as the* firftafpeft migiit fccm to indicate. Thofe 
particularly known in* this genus are weld^' 
ycUaw wood, annattOy.faw-wort> dyer V weed;' 
. curcuma, Venus's fumac, French-berries (Graine 

d'Avignon), 
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d'Avignon), and quercitron: there are, how* 
ever, a confkletable number of othei^; but it 
is fufficient. to indicate the fpccies that are thtf 
mofl employed, and the moft common. 

A. Weld or woald, reftda luteold of Lin-' 
nasus. The ftalks of this ripe plant, tv^hen dried 

/> and tied in bundles, give by decoftion in watef 
a yellow colour inclining to the brown; when 
diluted M^'ith water, it has a green tinge. The^ 
atids render it paler, and the alkalis darker; 
alum fowns in it a yellowifli' precipitate, and 
the liquor preferves a lemon colour. The fdlu- 
tion of tin produces in it an abundant precipi- 
tate, of a light yellow colour; the liquor re* 
mains turbid, but little coloured. This fub- 
fiance is employed as a yellow dye for linen, 
filk, and cotton ; but it will not fucceed, un- 
lefs alum and tartar be employed as mordants. 
The dies vary according to the proportion of 
the mordants and their nature. The ufe of this 
colouring fubftance is called welding. Alkalis 
and lime are added • to it, and madder or annatto 
is mixed with it, in order to obtain different 
orange and jonquil cafts in the dyeing of the 
goods called calico printing. The mordant 
compofed of alum and of acetite of lead is em«^ 
ployed. 

B. Yellow wood comes from a large tree 
of the Antilles, which grows efpeciaUy at To- 
bago: it is afpecies of mulberry^ morus tinBaria. 

It 
3 
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It is yellow, with orange- coloured veins: its 
well-charged deco6Hon in water is of a deep 
r^d-yellow colour, which becomes of an orange 
yellow. The acids precipitate from it a light 
fecula of a greeniih-yellow colour, which the 
alkalis re-dilfolve,, giving it a reddiih coloiir. 
Moft of the metallic falts and alum precipitate 
it; the laftin a yellow Hate and little abundant, 
the muriate of tin of a beautiful yellow colour, 
^nd in great abundance ; the acetite of lead, abun- 
dantly of an orange-yellow ; the fulphate of irola 
in a yellow which turns brown. This wood, 
reduced into fplinters or chips, is employed for 
dyeing by keeping it in a fack in the midft of 
the bath : its deco6Uon gives to the goods, M'ith- 
out any other preparation and without mordant, 
a yellow with a little of a brown ilb caft, dull, 
fufficiently permanent in the air ; whilft weld, 
alfo without a mordant, communicates to it 
a palcyellow of little ftability. The mordants, 
alum, tartar, and the muriate of tin, fix it, 
and render its colour lighter; the muriate of 
foda and the fulphate of lime render it darker; 
it affords the fame gradations of tinges as 
weld. This wood has lately become known and 
difiiifed in Europe; it is of a moderate price; 
it is one of the moft ufeful ingredients in dye- 
ing, and its colour is fufficiently folid. 

C. Annatto is a dry and hard pafte, brown- 
ifli externally, and red internally, in lumps 
of about a kilogramme, covered with reed- 
leaves. It is prepared in America with the feeds 

Vol* VIII. H of 
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of the tiructi, a tree which Linnseus calls BLva 
Orellanay which are bruifed in water, and then 
left to macerate and ferment. The Americans, 
according to Labat, prepare a finer and more 
folid colour from it, by crufliing and ftrongly 
kneading thofe feeds in their hands impregnated 
with oil, detaching the liniment whicH is thus 
formed, and drying it in the fun. The de- 
coftion of annatto in water has a ftrong and very 
diftinguilhable fmell, and a difagreeable tafte. 
Its colourisayellowifh red. It diffolves better 
in an alkali, and its colour is then a lighter 
orange yellow. Alcohol alfo diffolves it very 
well, and it enters into thofe varnifhes that have 
a flight orange tinge. The alkalis precipitate 
its alkaline folution in an orange coloured ftate, 
as well as alum, Avhich forms in it an abundant 
lake of a deep orange colour. Tlie fuper-oxi- 
genated muriate of tin produces in it a preci- 
pitate of a citron-yellow colour, which is de- 
pofited flowly. It is treated by the alkalis for the 
yellow dyes ; but affords only a fugacious colour 
upon wool. It is much more ufeful and much 
more employed for filk, which is merely kept 
more or lefs immerfed in it, after it has been 
boiled with a fifth of its weight of foap : in 
this manner an aurora colour is given to it. By 
afterwards impregnating it with vinegar or 
alum, it becomes orange-coloured. It is fome- 
times employed cold : it is alfo ufed for cotton, 
Avhich is dyed orange with it, by the aid of tar- 
tar, as a mordant. 

D Saw* 
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jD. Saw-wort, ferratula tinBoria of Lin- 
naeus, gives without mordant a greenifh- yellow 
colour of no folidity ; alum fixes it, and modi- 
fies the colour into a folid and agreeable yellow. 
The fulphate of lime gives, according to Poer- 
ner, a darker colour ; the muriate of tin en- 
livens it very much, according to Scheflfen 

-E. Dyer's broom, genijia ilnRoria of Linnaeus, 
a plajpLt very commoij in dry and mountainous 
fituations, give3 ^ yel.low wliich is much |efs 
beautiful tjian that of weld and fa w- wort; 
it acquires a fufficient degree of folidity by alum, 
jtartar, and the fulphate of lime. . . 

F. Curcuma^ or terra merlta^ curcuma 
ipnga of Linnseus, contains in its foot which 
is brought to us from the Eaft Indies, hut which 
grows alfo in fome of the Antilles, an orange- 
yellow colouring part, whiqh is very bright and 
beautiful, and in great abundance, but of little 
permanency and very fugitive. Water ext rafts 
it very eafily; even the mordants give it only 
an iinperfeft fixity. The muriates of foda and 
ammonia are thofe which fucceed the heft, but 
they give it a brown gaft: i-t can only be em- 
ployed tu powder. It is ufed for communicat- 
ing a brilliant golden tinge to the weld yellows, 
and an orange to fcarlet ; but thefe fliades quickly 
4}fappear in the air. Tlje curcunui is ufcful in 
chemiftry for indicating th© prefence of alka- 
line matters which caufc it to pafs into a pur- 
plifh fawn or brown colour with great energy. 

II 2 Paper 
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Paper is coloured with glue, mixed with a de- 
coftion of this root. 

G. Venus's fumac,yi{/?eif, rhus cotjnus of Lin-^ 
useus, is a wood of an orange and green colour, 
chatoyant, which is employed in chips fordyeing, 
^nd which gives a fine orange colour, but not 
folid. It is employeii only in order to obtain 
orange-yellow tinges with other colouring 
matters, which render its own more fixed and 
durably. It is efpcci^tlly combined with co« 
chineal for obtaining jonquil, gold, and chamois 
colours, 

H. Tl[ief rench'h^TTies(^Gratne d* Avignon) are 
the berry of the Rhamnus infeBorious of Lin- 
naeus; it gives a fufficientFy beautiful yellow, 
but of no folidity. It is employed only with mor-* 
dants and treated like weld. A fpecies of brilli* 
ant yellow lake js prepared with it, which is em- 
ployed in painting, for paper and for wood that 
is to be ftained yellow* 

/. Quercitron is the ba?k of a yellow oak 
of I^ew- England, of which Mr. Bancroft has 
given an account, and propofed to fubftitute it 
inftead of weld, efpecially for calico-printing; 
it is much more rich in colpur than this plant, 
ftnd one part of it niiy fupply the place of ten. It 
is merely infufed in hot water ; its yellow colour 
is fixed upon wool with alum and muriate df 
tin ; the latter gives it a great degree of luftre. 
The Engliiii manufa61urers of printed goods 
prefer this bark to weld, as being more econo- 
inic^l ^nd permitting the grounds to be better 

bleached, 
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bleached. Dambourney fays that the adran- 
tages indicated by Mt. Bancroft are obtained by 
4>reyibufly treating the wool with muriate of tin i 
it is a very good acqiiifition for the art of dyeing. 

29. The vegetable colouring parts that give 
the fawn colour to fluffs are extremely nutnerous; 
they are in general all the aftringent matters 2 
employed alone and without mordants, they 
depofit thjir colouring part upon the goods. 
The principal fpecies of this genus are the outer 
ihell of the walnut, the root of the walnut^ 
fumac, the bark of the aider, fanders, foot, 
and efpecially the nut-gall. All the barks con- 
Jain more or lefs of this colouring principle, of 
the nature of the oxigenated extraftive ; accord- 
ingly in the numerous experiments defcribed by 
the laborious and eftimable Dambourney, upon 
the fQli4 dyes af indigenous vegetables^ they were 
always the colours placed between the yellow- 
and the brown, carmelites, olive, cinnamon, 
ahefnut colours, which be obtained, either by 
thefe vegetable matters employed alone, or with 
different mordants. 

A. IJhe outer fliell of the walnut, or the kind 
of pulp which covers the kernel, is white and 
grows black in the air, as every one knows; 
7*his blacknefs adheres to the fingers, and cannot 
be removed without difficulty; if immerfed in, 
W^H Q>^ig6i^ated muriatic acid, it immediately 
becomes hrown. Its filtrated deco6Hoii becomes 
brown: in the air, and gives by evaporation in' 
CQljibJle peUiQJlQ^/ lipparently refinous and almoft 

black; 
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bla(?k ; this is the colouring matter Altered 
by a flight combuftion, and almoft reduced 
to charcoal; alcohol precipitates^ the fblu- 
tion; the muriatic acid blackens it; the mu- 
riate of tin forms with it an abundant precipitate, 
of an afh-fawn colour ; alum produces fcarcely 
any ; fulphate of iron render it almoft black. 
The outer fliell of the walnut has a ftrong a6lion 
upon iron ; it diflblves it and forms ink ; its 
colouring part has a great difpofition to unite 
with wool, and gives it a nut or fawn colour, 
to the folidity of which the mordants add littje. 
It is an excellent colouring matter ; it affords 
agreeable and very folid colours ; it preferve* 
the foftnefs of the wool and requires no mordant. 
At the Gobelins, one of the fineft dyeing efta- 
bliflmients that exifts, the outer ihells of frefli 
walnuts are collefted in tubs; they are covered 
with water, and kept for one or two years before 
they are iifed ; and it is remarked that they 
then. yield more colouring matter; the mor- 
dants or the metallic oxides^ and folutions vary 
its tinge. 

V r-B- The root of the walnut and efpecially its 
b^rk have prefented the fame properties to 
Gitizeh fierthollet j they give the fame colours; 
}t 18 only necefTary to augment the quantity, 
|ind to employ them in chips enclofed in a fack, 
like all .the hard bodies ifvhrch may attach them- 
felye^ to the Huffs and tear them. They have 
ifejs.iocquvenience of frequently giving unequal 
:Cok)urs^ iikfiall.the folid matters whofe colour- 
ing 
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ing part does not diftribute itfelf equally in the 
liquor; this may be avoided by a proper manage- 
ment of the fire, 

C. Sumac^ rhus coriaria of Linnaeus, is 
cultivated abundantly in Spain> in Portugal, 
and in the South of France, for the purpofes of 
dyeing. Its fhoots are every year cut to the 
root ; they are dried and ground for dyeing and 
tanning* Its infufion, which is of a fomewhat 
green ifli fawn colour, foon becomes browti in the 
air; the acids turn it yellow; alum renders it 
turbid; the acetite of lead forms in it an abun- 
dant yellowifli precipitate which becomes brown. 
Sumac, like the nut-gall, decompofes the 
nitrate of filver, and reduces its metal by the 
conta6l of light : of all the aftringents it is 
that of which the properties approach neareft 
to thofe. of the nut-gall ; but its black precipi- 
tate with the folutions of iron h lefs abundant 
than that of the gall. It may be fubftituted 
in place of it by ufmg a double proportion : 
it gives by itfelf a fawn colour inclining to a 
green. The acetite of alumine, a common 
mordant amongft the calico-printers, caufes it to 
aflume a beautiful and folid yellow ; its colour 
is fo fixed that the cloth cannot be bleached 
in the field; on which account it is em- 
ployed only for cloths with coloured grounds, 
the defigns and colours of which . are varied by 
different means. 

Z>. The bark of the alder, betulaabius or alba, 
gives a light fawn-coloured decoftion, which 

foon 
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foon becomes brown and turbid by the contaft 
of the air and the abforption of oxigen, like all 
the aftringents. Alum forms in it an abundant 
yellow precipitate ; the muriate of tin a precipi- 
tate equally abundant and of a lighter ycHo w. 
The ferruginous falts convert it into ink \ it 
diiTolves the oxide of this metal very well : it is 
alfo employed for the black vats in the dyeing 
of thread. 

JB. Red Sanders, * the Mtly one which is ufed 
in dyeing, is a folid, compact, heavy wood, 
which becomes brown by expofure to the air : 
it is brought froni the coail of CoromandeL Its 
fine powder gives to boiling water a fawn-browii 
colour, inclining to red ; it diffolves ill by 
itielfj but very well with the Ikia of the wal- 
nut, fumac, and nut-galls : its colour is folid, 
and ufefully modifies that of thefe other matters^ 
Vogler having found that alcohol diluted with 
water diflblved the colouring matter of fanders 
better than water does, employed this folution 
for dyeing famples of wool, cotton, and linen, 
previoufly impregnated with folution of tin, 
waflied and dried : they acquired a poppy red ; 
alum caufcd theiii to aifume a fine fcarlet colour j 
the fulphate of copper a light crimfon ; the ful- 
phate of iron a deep violet. The alcoholic, tine- 
ture a6h cold ; after it has been mixed with wa- 
ter it requires a flight ebullition. 

jF. Soot gives to wool a brown or fawn co- 
lour, more or lefs deep, but which is perifliable, 
and attaches itfelf only to its furface without 

combining 
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combining with it ; it hardens it, atnd leaves 
a bad fmell ; it is however employed forgiv- 
ing a hrown tinge to fonie colours, and for 
obtaining certain cafts which could not be ob- 
tained with other matters but with great diffi- 
culty. What is of importance here with refpeft 
to the hiftory of the vegetablle colouring matters, 
is that it may throw fome light upon the nature 
of thefe matters, and prove that the oily fub- 
ilance of which foot is in part formed, is one of 
the matters which approach the mofl to the na- 
ture of thefe colouring parts, 

G. But none of the matters which give a 
fawn-coloi^red dye, of which we have been 
fpeaking,. is comparable to the nut-gall with re- 
fpefi: to its influence upon colorations ; it forms 
the firft and the ftrongeft of thefe dyes. It is 
known that the nut-gall is an excrefcencc 
formed upon the leaves, the petiolae and the 
fmall branches of the quercus robur, when 
pun6lured by an infedt. The befi nut-galls are 
brought from the Levant; thofe of trance are 
not ufed. The tafte of the nut-gall is acrid, 
acerb and extremely aflringent ; it may be em- 
ployed for tanning fkins, thougia in this refpedl 
its operation is feeble." Its nature, properties 
a,ndeffecls have been fucceffively examined by 
Macquer, Lewis, Monnet, the chemifts of Dijon, 
Scheele, Citizens Berthollet, Deyeux, and Mr, 
Prouft. It was firft ranked at the head of the 
aflringents, and it§ effeft upon iron and its fo- 
lotions which it blaok^ns^ was afcribed to its 

aftringent 
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aftringent property, which was believed to exift 
of the fame nature in the other acerb vegetables. 
ItSxgrinciplc which blackens iron, has been found 
to be fublimed by diftillationy- to pafs into its 
different produ6ls, to communicate itfelf to the 
acids and the alkalis with which it was treated, 
and to feize immediately upon iron in the ftate of 
metal. Scheele afterwards extra6ted from it 
a particular acid, which has already been ex- 
amined under the name of gallic acid. It has 
fmce been found that this acid can be obtained 
by fublimation, that, it precipitates all the me- 
tallic folutions, that it approaches their oxides 
to the ftate of metals, that it alfo blackens iron. 
Moreover Citizen IBerthoUet has fhown that this 
acid is not the only aftringent fubftance or the 
principle of this property ; that every aftringent 
afts in a peculiar manner upon the folutions of 
iron ; that fome precipitate it in a brown ftate, 
others dark green, others purple or violet, and 
others blackifli-blue ; that the nut-gall leaves a 
large quantity of charcoal after its analyfis; that 
this fuper-abundance of charcoal contributes 
much to the black coloration, by remaining 
alone and folid after the combuftion of the hi- 
drogen. Mr. Prouft has fmce remarked that the 
aftringent part of the nut-gall effedually blackens 
only the highly oxigenated or red oxide of iron ; 
that it does not aft upon the too little oxided 
falts of iron ; that much is gained in the prepa- 
ration of black colours by employing the red 
Ailphate of iron. Such are the bafes upon which 

the 
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the numerous advanta"ges of the nut-gall ih 
dyeing are eftabliflied. * 

We fhall fee, in one of the fubfequent articles^ 
that^he nut-gall contains along with the gallic 
acid, befides extrafti ve and mucilage, a certain 
proportion of a particular principle called tanin, 
which may be feparated from thefe different 
matters diffolved with it in a deco6lion of nut- 
galls, by the acids, the alkalis and the falts. 

30i The principal ufe of the vegetable colour- 
ing matters is, as we have feen, to ferve in dye- 
ing and fometimcs in painting, after they have 
been extrafted and prepared into folic! matters 
or lakes. The art of dyeing 1s one of the moft 
besautiful that exifts ; it is one of thofe in which 
Mifnan iilduftry fliows itfelf at the higheft degree 
of {M*fe6ti6n, and the produ6ls of which imitate, 
if they do not furpafs, thofe of nature. As the 
purple of Tyre* rendered that city illWlrious in 
antiquity, how greatly fuperiorare th&moderns 
in this relpei6l ; to all that the ancients have 
pfdduCtd, the moft grand and beautiful, both in 
the multiplicity and variety of the colours, in 
their folidity, and in the refinements and num- 
ber t>f the ptoceffes which they etnploy, as well 
as the very common ufe of all the dyed fluffs, 
which with the Romans were only the marks 
of the dohfUfer or patrician dignities, of the 
diflin^ioa of the rich alone, whilft with us 

^ nothing 
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notkiog 15 more compoon than the mb£t brilliani 
and ttiofi durable colourSi^ 
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^ the feoenteenth of the immediaU materials 4^ 
Vegetables ; of the Vegetable Albumen. 

1. NO autbor on chemiftry has yet enume<« 
rated amongft the principles or immediate ma* 

«> terials of vegetables the fubftance which I 
call vegetable albumen, though for more than 
forty years the chemifis, efpecially thofe of the 
fchool of Rouelle, haye found feveral vegetabl(3 
matters, and even entire plants that had tb^ 

. characters of animal fubftances.. The reader wifl 
call to mindVhat I have iaid above, relative to 
thisfubjedl, concerning the extra£liveand gluti* 
nous principles. I have alfo fhown in the precede 
ing artiCjl^a that moil of the vegetable colouring 
fubftances yield ammonia by analyfiy, that they 
contain azote, and that it is probably by tbU 
analogy of their primitive nature that they }iavji 
fo much attradtion for the animal matters, 

S. In order that it may be well comprehended 
what I underftand by the vegetable album^i^ 
I muft mention that the naxoe of a4lM^Q9 
is particularly applied in the body of animals, 
to a liquid, ropy, and vifcous, of an lariipM 
tafte^ fduble in cold water^ con^efcibjje «pd 
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foHdifiable by heat, abaudonmg the water, and 
feparatirig* from it in the form of flakes when it 
is heated, turning the fyrup of violets green, 
Soluble by the alkalis, j^nd efpecially by amnio-^ 
nia, putrefying without' paffing through the 
acid ftate, affording azotic gas by the nitric 
acid before paffing into, the ftate of oxalic 
acid. If there be found in the vegetable analyfis 
^ matter which combines thefe properties, it is 
evident that it will merit and ought to bear the 
l>ame pf albumen^ derived from albumen^ white 
of egg, which combines them in an eminent 
degree. 

3. The firft obfervations which led me to fuf- 
pe£l in 1 787* and foon afterwards to determine 
.with precifiori the prefence of an albuminous 
^Watter in vegetables, were the phenomena that 
were prefented to me by the defecatfon of the 
juices of the moft coloured green plants. In 
order to defecate the juices of the cochlearia, of 
crefe, of beccabunga, it is known that it is fuffi- 
cieat to plunge the battles which contain them 
Into hot water, between fixty and eighty de- 
grees of Reaumur's thermometer, and even a 
little below this temperature- The green fecula 
which impairs its tranfparence, foon concretes 
and collefts in fmall folid flakes, almoft round, 
which -float at the furface of the vegetable 
liquids, oi' depofit themfelvee at tiie bottom, and 
are very eafily feparated by mere filtration, I 
conceived then that this4cind of defecation em- 
ployed in erder not to alter the juices afid^fepa* 

rate 



rate from them the mod volatile part which cha* 
raflerizes them, could depend only upon the 
property of being coagulated by the a£lion of the 
caloric^ and that as thijs property belongs ex- 
clufively to the albumen, it indicated, in an un- 
equivocal manner, its prefence in the antifcor* 
butic plants. 

4. I have confirmed the firft idea by dire€l 
experiments. As it was impoffible to confider 
the feculent matter of thefe juices, thus coagu- 
lated by heat, as pure albuminc, on account of 
its green colour, I endeavoured to feparate the 
colouring part from it, in which I fucc'eeded by 
the following procefs. Juice of young crefs, 
filtrated cold through a piece of white paper 
without fize, left its grofs fecula upon the filtre, 
and paffed clear, but coloured with a beautiful 
green: expofed to the air in a flat veflTel, at a 
temperature of the atmofpliere of 23 degrees of 
Reaumur, it became turbid in two hours and 
changed its Colour ; a fecula of a deep green, 
much finer than the firft, fwam like a fort of 
flakey powder in the midft of this juice ; filtrated 
a fecond time, this fecula remained upon the 
paper, and the juice was now only of a very pale 
green colour. I then plunged it in a bath, 
the water of which was boiling; in a few 
minutes it became turbid, and there was feparated 
from it a great quantity of fmall whitifli clots. 
Another portion of the fame juice, left in the 
air, prefented to me atJ:he end of two days, grey 
flakes, fimilar to the preceding. The fulphuric 

acid 
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acid fq>arated from a third portion of the dif- 
coloured juice concrete clots of the fame matter. 
It is evident that Rouelle took this albumen of 
the juices of plants for glutinous matter, 

5. Thefe flakes, whether depofited fpontane- 
cufly in the air, feparated by fire or by an acid, if 
carefully waflied in much cold diftilled water, 
prefented to me in their examination moft of the 
properties of albumen in part concrete. The al- 
kalis diffolved them qutekly and eafily ; boiling 
water did not attack them, and gave them greater 
folidity than they had at firft; they gave a fen- 
fible green tinge to paper dyed with mallow- 
flowers ; diftilled, they afforded ammonia ; ma- 
cerated in a little water, they became inflated, 
foftened, exhaled a fetid ammoniacal fmell, and 
exhibited all the figns of the ftrongeft putrefac- 
lion. It undoubtedly proceeds from this albu- 
men that the cruciferous plants become fo 
quickly altered, and diifufe fo infeftious an 
odour during their corruption. A portion of 
this albuminous portion of the crefs, expofed to 
a dry and hot air, after having been well dried 
by preflure in fine paper without-fize, acquired 
a fort of d utility and tranfparency analogous 
to that of glue : in a word, it comported itfelf 
abfolutely like the animal albumen, from which 
it diffeied only by its inferior tenacity and 
vifcofity. 

6. The juices of cabbage, of cochlearia and 
of beccabunga, gave by the aftion of heat an 
albuminous concretion, perfedly fimilar to that 

of 
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of the creft. The ro6t of patieiice prefented to 
me a very remjirkable faA relative to this prin^' 
ciple. I wiflied to prepare the extraft of patience 
with young and fmall roots of this plant ; I found 
thefe roots fo much charged with juice, that I 
had them reduced into pulp and preffed; the 
iBxprefled juice was without colour or bitter 
*afte ; by evaporating it, I obtained no extract 
but there were feparated from it many fmall con- 
crete and white flakes, much refembling thofe 
that are depofited from whey during its clarifi- 
cation. A part of ihefe flakes was precipitated 
to the bottom of the liquor, another raifed itfelf 
in a fcum to the furface of the juice. On ex- 
amining them, I found them to poflcfs all the 
properties of albumen. 

7. Another circumftance in which I have like- 
wife difcovei^ed the prefence of the albumen in 
the vegetable matters, is the analyfis of the water 
of the lixiviation of flour ; a lixiviation by which 
the gluten is left pure, the amilaceous fecula 
is precipitated in a white powder to the bottom 
of the water,- and a mucofo-faccharine matter 
diflblves in this liquid. By evaporating this 
water, when very clear, and without any ex- 
traneous fubftance, there are fepaiuted from it 
white flakes of a concrete fubftance, which col- 
le6l alfo in a white fcum at the furface of the 
liquor. Thefe flakes, well feparated and wafhed^ 
prefented to me all the charaders of albumen. 
Thus there are two animal fubftances in flour, 
the gluten and the albumen. 

8. I have 
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8. I have found traces of albumen in all the 
green feculas, or rather in all the vegetable 
juices charged with a large quantity of this fe- 
cula, and in general in all the cbnfiderably green 
plants; the young woods, the annual ihoots; 
i have not been able to extra6l any froni 
perfeftly formed wood, though the ainmoniacal 

'fetidity which it exhales when it is macerated 
in water, indicates that it is prefent in it, but 
in a concrete and infoluble ftate. Neither has 
^ny vegetable acid prefented to me the flighteft 
trace ot it, though all the juices of this nijture 
are furcharged with gummy or gelatinous mu- 
cilage, which is fpcedily depofited from ihem. 
It may be faid that here, as in the treatment 
of animal matters, the albumen is diflblved 
and changed into gelatin by the acids. 

9. Since I publiflied my firft refearches upon 
this fubjeft. Citizens Deyeux and Vauquelia 
have defcribed the properties which they have 
found in feveral of the faps of trees ; and from 
the account, and comparifon of their experi- 
ments, it is not difficult to perceive that they 
have found albumen in thefe liquids. It ap- 
pears even that it is this portion of albumen 
which Citizen Deyeux took for gluten, with 
which it has very confiderable analogies, both 
in its chemical Qhai*a.^rs and in its intimate 
naturei 



^ Vol. VIII. I Article 
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Article XXI* 

Of the Eighteenth of the immediate Mafey^ials of 
Vegetables ; of the Ligneous Matter. 

1. IT is not long fince chemifts have be- 
'gim to confider the ligneous matter as a parti- 
^cular principle of vegetables ; they formerly 
believed it to be a kind of earth, and they treated, 
or rather they neglefted it, as fuch in all their 
experiments. Thus after having exhaufted the 
folid ^vegetable matters by decbdlion in wiater, 
and by the aftion of alcohol, what remained un- 
touched and infoluble after this mode of analyfis 
was confidered as an earthy fubftance, a caput 
mortuum which they entirely neglefted. How- 
ever, its combuftible property ought to have 
drawn them from this notion, and induced 
them to examine this* particular fubftance. Some, 
and I myfelf was of this opinion in the firft pe- 
riods of my inquiries, had begun to diftinguifli 
it as a body diifereivt from earth, and to compare 
it with the fecula; but new refearches foon 
-changed my opinion in this refpeft, and I fliall 
Tiow give an account of that which they have 
ted me to adopt, by indicating the refnlts of my 
experiments, which will prefent the diftfn6lTVC 
properties of the ligneous fubftance. 

.2- After having exhaufted a folid vegetable 
matter, efpecially wootj^ bark, or a woody root, 
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of all that it contains which is foluble in the 
re-agents which ad only as folvcnts, and doiiot 
alter the intimate nature of the portion not dif- 
folved; for example, after having boiled this 
matter in large quantities af water, till it palTes 
off without colour or tafte, and without con- 
taining any thing, there remains a pulveruleiit, 
or fibrous, or lamellated fubftaiice, more or lefs 
coloured, fufficiently ponderous, infipid and 
inodorous, infoluble, and which, on account of 
thefe properties, was formerly confidered as an 
earth. Boiling water having iio aftion upon 
this body, and being incapable either of foften- 
ing or.diffolving it, I have thought that it con- 
fiderably differs from the amilaceous fecula, 
to which I had formerly compared it, and I 
have confidered it as the vegetable fkeleton. 

3k This matter, which I call the ligneous 
matter, or the body, prefents properties which 
diftinguifli it from all other vegetable fubftances, 
and from all the immediate materials which are 
extrafted from plants. When it is heated in con- 
taft with the air it becomes black without 
melting or fwelling : it exhales thick fumes of 
an acrid, pungent and peculiar fmell, in part 
ammoniacal ; it leaves a coal which retains its 
form, and from which are extracted, after 
it has been reduced to ailies, faline matters, 
efpecially a little pot-afli, fulphate of pot- 
afli, fulphate of lime and phofphate of lime. 
When it is diftilled in the retort, it affords 
■\7ater, a particular acid known by the name 

12. of 
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of pyroligneous acidy oil, in part thick, concrete 
and empyreiimatic ; carbonated hidrogeu gas 
and carbonic acid, and a portion of ammonia 
combined with pyroligneous acid. The coal 
which remains after this diftillation has con-* 
ftantly the form of the wood, or of the fragments 
of wood that have been fiibjefted to diftillation^ 
and it comports itfelf like that which \s obtained 
by heating the ligneous fubftance in contact with 
the air. The ammonia, one of the conftant 
produfls of the ligneous fubftance, proves that . 
this folid matter contains azote among its pri- 
mitive principles, and I have found that it af- 
forded about one hundredth of its weight. I 
have no doubt but that fome woods may be met 
with which will yield more of it. 

4. One of the charafters which moft effentially 
diftinguifli the ligneous fubftances confifts in 
the property which it has of yielding, by the 
aftion of fire, a particular acid, different from 
thefe that are obtained in the analyfis of any of 
the other immediate materials of vegetables, and 
which on that account has been called in the 
methodical nomenclature the pyroligneous acid. 
I have only indicated it in the fyftematic enu- 
meration of the acids, and I muft here give an 
account of its properties, as being the conftant 
produdl of the action of fire upon the vegetable 
matter which I examine in the prefent article. 
Boerhaave firft diftinguifiied it by the name of 
acid fpirit of wood, and he has remarked that 
the hard wopds, efpecially that of Guaiacum^ 

furniih 
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fdrnifti the moft of it. Mr. Goettling has given 
a particular examination of it in 1779, in Crell's 
Chemical Annals, and the Academicians of 
Pijon have fuccefs fully repeated his experi- 
ments. 

5. All the woods, of whatever kind they may 
be, yield this acid by diftillation ; nothing more 
is requifite, in order to obtain it, than to dif- 
til this body in chips in a retort of iron or 
ftone-ware; beech, oak, or birch are efpecially 
chofen for this purpofe. A reddilli, very odo- 
rous, and very pungent liquor is obtained ; 
the diftillation is flopped at the moment when 
the oil, which would colour and alter this pro- 
du6l, begins to pafs ; or elfe it is reftified by a 
fecond diftillation with a gentle and well-ma- 
naged fire ; in this manner as much as one third 
of acid liquor is obtained from the wood. When 
this acid is pure, it is fimply of an amber colour, . 
without being either oily or empyreumatic; its 
ipecific gravity isto that of diftilied water, as 49 

to 48, 

6. In the ancient methods of diftillingwood, 
'when theif different products were collected 
and mixed, or werefuftered to confound tliem- 
felves together in the receivers in which they 
were coUeft^d, the acid fpirit was feparated 
from them by a funnel • firft there palled a fmall 
quantity of heavy pil which occupied the tube 
of the veflel ; afterwards followed the acid liquor 
of a more or lefs deep red colour ; then another . 
portion of oil which had remained at the furfaee. 

In 
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Iii this manner could be feparated, by mere me- 
chanical means, three different produ6ls in three 
different veffels, by receiving them feparately ac- 
cording to their fpecific gravity. The acid liquor 
thus obtained was very highly coloured and im-^ 
pure; it contained a portion of oil in folution, 
which was gradually precipitated from it in brown 
and heavy drops ; it diffufed an acrid empyreu- 
inatic fmell, ^together Math that peculiar to it. 
It may eafily be re6lified b}^ dillilling it with a 
lamp or fand-heat in a retort ; by this means it 
is feparated from the empyreumatic oil which 
alters it ; it is obtained in a liquid of an amber- 
yellou" colour, having nolonger the fetid fmell 
of the firft producl. 

7. This acid, thus re6lified and purified, or ob-- 
tained from its firft diftillation made with the 
precautions before indicated, has a lively fmell, 
but which is not ftrongly empyreumatic, a very 
acid and flightly acrid tafte ; it ftrongly reddens 
the blue colours, and very quickly reftorea 
•jthe yellow colour of the curcuma M^ien it 
has become purple by the adion of the alkalis. 
When heated in a retort, it is decompofed and 
burned, like all the vegetable fubftances that 
are treated with a ftrong fire ; it affords water, 
carbonic acid, and leaves a fmall quantity of 
coal in the retort. When gently heated, it is 
volatilized without decompofition ; its volati- 
lity does not appear to be fuperior to that of 
water. The pyroligneous acid has a pungent 
and manileftly acid fmell, which is peculiar to 

it,' 
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it, and by which it may eafily be diftinguiflicd 
from every other odorous matter. 

8. Combined Math the earths and alkalis, it 
forms particular falts, different from all others 
that are known. Mr. Goettling has employed 
pyrolignite of pot-afh treated by the fulphuric 
acid, in order to extra6l the pure pyroligneous 
acid. This fait became much heated with the 
fulphuric acid ; and the pyroligneous acid thus 
feparated had loft its empyreumatic odour, and 
acquired an alHaceous one. Citizen Eloy Bour- 
(ier, of Clairvaux, has begun to examine the 
eleftive attrattions of this acid for the earthy 
and alkaline bafes. Lime and barites attract it 
more than the alkalis. Lime feems to hold the 
firft rank in thefe attradions ; magnefia is be- 
fore ammonia. This order,, if well confirmed, 
Avould be fufficient to diftinguifh this acid from 
all others^ For the reft, the alkaline and earthy 
pyrolignites are not yet knowa with fufiicient 
accuracy, to enable us to prefent a hiftory of 
them. It appears alfo that the pyroligneous 
acid acis upon the metals and their oxides after 
the manner of the acetous acid, and that it 
might be employed in fome of the arts in the 
lame manner as the latter. It exerts a colour- 
ing adion upon the vegetable and animal fub- 
fiances; it colours wood red and brown. '^' 

fl. To this diftinguifliing charader of the 
Ugneous matter, of fumifliing a particular acid 

• • ■ r; .r ^ •• ■ . . by 

• i.-"f »■*. 
* Hefpcding' this acid, whifch has fince been afcertaincd 

^'be ihe acetous,, fee the Tranflator's Preface, N. 
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by diftillation, I fhall fubjoin that of affording 
azotic gas by the operation qf the nitric acid, 
of being converted into malic and oxalic acids, 
which are in part faturated with lime, and intd 
acetous acid. I muft even remark that it is one 
of the vegetable matters that have afforded me 
the moft oxalic acid, and that I have confe- 
quently propofed to fubftitute it in the place 
of fagar for preparing this artificial acid. I 
ihall fiill add that the cauftic alkalis, with the 
aid of heat, foften, colour, and partly diflblve 
and (lecompofe it. 

10. Thus there can remain no doubt refpeft- 
ing the particular nature of the ligneous matter. 
We fee that it differs, by the totality of its pro- 
perties, from all the other immediate materials 
of vegetables ; that it has well - marked pro- 
perties ; that it ought to be confidered as the 
ultimate produft of vegetation, as a fubftance 
the moft llrongly combined in its intimate com-, 
pofition, as the moft infoluble, the moft un- 
alterable, the moft permanent of all that are 
formed in plants; and that in order to make 
its analyfis, or to afcertain its nature, it is ac- 
tually neceflary that wefhould employ morepo^i^- 
eif ul means, and ftronger agents, than for treat- 
ing and decompofing any of the other materials 
of vegetables. It alfo refults from the know- 
ledge that has been acquired refpefting the lig- 
neous fubftance, that it is the moft highly car* 
bonated principle of the vegetables ; and that 
this is what renders it fo difficult to be deftroyed. 
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jiiid the caufe which gives to the coal that pro- 
ceeds from its femi-^combuftion fo much of the 
organization of the wood, that we can diilinguifh 
both the fpecies of the wood, and the number 
of annual layers. 



Article XXII. 

Of the Nineteenth of the immediate MateriaU 

of Vegetables; of Tanin. 

•!• THE particular vegetable matter, which 
is now called tanin^ was formerly confounded 
with what was defignated by the name of ajirin^ 
gentfubjiance, or ajiringent principle. Citizen 
Seguin, in his refearches upon the art of tan- 
ning ikins, firftdiftinguiHied this principle from 
the gallic acid, which fo frequently accompa* 
uies it in vegetable fubftances. He has par- 
ticularly charafterized it by its property of 
Uniting with animal matters, efpecially the 
albumen and gelatin, of feparating them from 
the water in which they are diffolved, of preci- 
pitating them in infoluble fawn-coloured flakes, 
and of forming with them an unalterable mat- 
ter, which conftitutes the bafis of tanned leather. 

a. Tanin is procured^ by lixiviating tan or 

bark of oak, or of feveral other vegetables, in 

cold water. In this manner is obtained a 

liqutfr of a dark red colour, of an acerb and 

acrid -tafte, which reddens the blue vegetable 

colours, 
2 
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colours, which is very diftinguifliable as a parti- 
cular, principle by its property of precipitating 
the folutions of glue and of albumen, and all 
the animal liquors that contain either of thefe 
xnatters, and of thus aifording the reddiih fawn- 
coloured precipitate of which I am about to 
fpeak. The tanin is alfo diftinguiflied by the 
ftrong fmell which it diffufes when it is diluted 
or diffolved in water. By evaporating its folu- 
tion, it furnilhes the tanin dry, and in a kind 
of extraft which has not loft its properties, if the 
-liquor has not been too much heated, but is 
ftill foluble in water, and again acquires its 
ftrong fmell when diluted, and alio combines 
Vf ith the animal matters, and tans them, or ren- 
ders them infoluble and unalterable. 

3. The tanin is found in a number of the 
barks of wood, of fruits, and of acerb vegetable 
excrefcences. It exifts in fumac, th^ outer 
ihell of the walnut ; the bark and wood of tlic 
^Ider, of the oak, of the alh, of feveral kinds 
of poplars, in the nut-gall, even in the faps of 
fonie trees, and in general in all aftringent 
vegetables; the Peruvian bark and the Sima-r 
rouba contain a certain quantity of it. All 
vegetable matters that are capable of tanning 
fkins ihow by that circumftance that they are 
charged with a greater or lefs proportion of this 
principle* It is known that in the proceiTes of 
ta"«'ng^ the peculiar matter of the tan, or 
ffolved in water, and cfpecially when it 
faturated aad concentrated folution, 

penetrate^ 
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penetrates the foftened, diftended and inflated 
fkin, combines layer by layer with the gela- 
tinous optimal matter, and forms, while it quits 
the water, and unites with the gelatin, a folidv 
matter, of a reddifli or fawn colour, which con- 
trails the texture of the membranous and 
cellular areolae of the i:utaneous matter, fo as 
to render it, if faturated with it, hard and brit- 
tle; that the operation is flopped at different 
periods, in .order that the leather may preferve 
the degree of flexibility and elaflicity which it 
ought to have, from the fofteft and mofl du6lile 
calf-fkins, to the flrong leather of which foles 
are 'made; and that this combination exhales for a 
long time the fmell of the tanin which it 
contains. I fhall treat again of this fubjeft in a 
more detailed and explanatory manner in the 
hiflory of animal matters, 

^4, All vegetable matters which contain 
tanin, more particularly the barks and the lig- 
neous texture in which nature forms and dcr 
pofits it the mofl abundantly-, contain at the 
fame time feveral matters that are fpreign to it, 
and from which it is necefTary to fepar^te it, in 
order to have it pure, and the better to afcertaiu . 
its true properties. Mr. Proufl, in a Memoir 
ftnt to the Inftitute, has given an ingenious 
method for obtaining this principle pure, and 
interefting experiments upon its chemical cha- 
rafters. He has more efpecially taken the nut-gall 
for the obje6l of his refearches. Befides fome 
portions of extraftive and mucous matter, the 

nut ; 
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nut-gall contains in its ligneous texture gallic 
acid and tanin. The gallic acid not precipi- 
tating the fuper-oxigenated muriate of tin, 
\vhilft the tanin eminently enjoys this property, 
Mr. Prouft has ufefully availed himfelf of it 
for feparating thefe two bodies, and obtaining 
them diftin6l, 

5. By pouring deco9:ion of nut-galls into a 
folution of fuper-oxigenated muriate of tin, an 
abundant yellow precipitate was formed. The 
liquor being filtrated and fet to evaporate, a 
new portion of this precipitate was feparated 
from It, which the author has called tannatc 
of tin, and it afterwards retained only gallic 
acid, muriatic acid, and a fmall quantity of 
oxide of tin. This liquor being put into a 
bottle half full, and fulphurated hidrogen gas 
made to pafs into it, gave a brown fulphurated 
oxide of tin. Expofed afterwards to the fun 
and the air for fome days, it loft the portion of 
fulphurated hidrogen gas which it had retained, 
and by evaporating it, Mr. Prouft obtained pure 
gallic acid. 

6. The precipitate formed by the fuper-oxi- 
genated muriate of tin in the dccodion of nut- 
galls, or the tanned oxide of tin or tannate of 

.tin, diluted with a large quantity of water 
immediately after it had been obtained, was 
decompofed by fulphurated hidrogen gas whicli 
Mr. Prouft caufed to pafs into it : fulphu- 
rated oxide of tin was precipitated, and the 
pure tannin remained in folution. The liquor 

left 
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left in the air, in order that it might lofe the 
portion of fulphurated hidrogen gks which it 
contained, was evaporated ; its colour became 
deeper ; it diflfufed to a confiderable diftance the 
charafteriftic fmell of the tanin. Its tafte was 
very acerb, a little bitter without being difa- 
greeable : it became turbid during its cooling, 
and depofited a brown powder which was dif- 
folved again by heat; it neither putrefied 
nor became mouldy; it appears eminently to 
refift putrefaftion, and it is on this account 
that, according to the remark of the author, the 
decoftion of nut-galls, after having been ftrong- 
ly mouldy, contains only tanin in an almoft 
pure ftate; evaporated to drynefs, it afforded a 
brown, dry, friable matter, vitreous and brilliant 
in its fra6lure, refembling aloes, not deliquefcent, 
of a very acerb tafte, foluble in water, and much 
more fo in alcohol. This is pure tanin in the 
dry extractive form. 

7* Mr. Prouft has found, fmce the pi'ocefs by 
the muriate of tin, another method of obtain- 
ing the pure tannin from the decoftion of 
nut-galls. This method, which is better than 
the preceding, confifts in precipitating this de- 
coftion by pulverized carbonate of pot-afli, in 
wafhing the greenifh-grey flakes that are ob- 
tained well with cold water, and afterwards dry- 
ing them in a ftove. The precipitate grows 
brown in the air, becomes brittle and brilliant 
like a refin, and neverthelefs remains foluble in 
hot water ; this is very pure tanin. ' 

8. The 



\ 
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8. The folution of purified tanin, when 
poured into a folution of glue, forms in it a 
magma, which may be prelfed out between 
the fingers, which is foft, duftile, and appears 
to fhrink together. It may be elongated, and 
drawn out more than the gluten of the flour 
of wheat, and forms in its extenfion a fine 
gold-coloured membrane, which contrafts as it 
dries, and then becomes brown and brittle, vi- 
treous, indeftru6lible, infoluble in water and in 
alcohol ; it refumes its properties and chara6lers 
by foftening in hot water : the animal albumen 
is precipitated by this principle like the gelatin, 
but it does not form an elaftic magma. The 
tanned gluten may be obtained with the fimple 
decoSion of nut-galls poured into a folution of 
glue ; but as the tanin can no more be feparated 
from it without decompofingboth of thefematter* 
when once united, this procefs cannot be em* 
ployed for obtaining the tanin pure and feparate 
from the gallic acid, &c. 

9. The folutions of lead being precipitated at- 
the fame time by the tanin and the gallic acid, 
can not ferve -for feparating thefe two ma- 
terials. The red fulphate of iron forms with 
tanin, according to the chemift of Segovia, an 
abundant precipitate, which at firft is of a dirty 
blue colour, and becomes black by drying. This 
precipitate differs much, according to him, from 
the gallate of iron, which is very light, re- 
mains for a long time fufpended, and has a 
Wack 'colour refcmbliug that of Indian ink. 

Pure 



Pure green ftilphate of, iron is as little ' precipi- 
tated by t^^nin a^ by the gallic acid. The gal- 
iate of iron is eafily and entirely foluble in the 
acids; the tanate of iron, on the contrary, h 
decompofed, abandons the iron to them, and 
depofits the tanin piire: all the acids alfo fepfi- 
rate the tanin from water. 

10. When the. red fulphate of iron is preci- 
pitated by tanin, a portion of the latter dif- 
oxides the iron, and caufes it to pafs again into 
the ftate of green fulphate of iron ; the oxige- 
iiated tanin remains in folutidn in the liquor : 
it is equally obtained by the oxigenated mu- 
riatic acid, which deepens the colour of the 
folution of tanin, and caufes it to lofe its 
tanning property. Mr. Prouft, who fays 
that he does not yet know the. new ftate of 
this oxigenated tanin, compares this principle 
to the gallic acid, and finds great analogies be- 
tween them. According to his experiments, the 
gallic acid lofes, its properties, like the firft^ 
more efpecially that of precipitating the fulphate 
of iron in a black ftate. This is what he be- 
lieves to take place in old inks and writings ; 
where tlie gallic, acid becomes oxigenated by 
the contaQ; of the air. Perlmps indeed thefe two 
materials may differ only by a flight proportion 
of their principles, as they conftantly accom- 
pany each other in vegetables, where they appear 
to be formed together, and perhaps at the ex- 
penfe of each other. 

11. How- 
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II. However it may be with their atiatogjr 
and their approximation, it is neverthelefs cer* 
tain, in the prefent ftate of our knowledge, that 
the tanin i.s a vegetable matter much difFufed, 
efpecially in all the ligneous vegetables, almoft 
always attached to or combined with wood, 
well charafterized by its fmell, its acerb tafte, 
its property of precipitating and hardening 
animal matters, of preferving them, and ren- 
dering them unalterable, its eminently antifep- 
tic quality, its property of becoming colour- 
ed in the air, and of giving a brown and black 
dye. There is reafon to believe that this very 
remarkable vegetable principle is the common 
and general fource of the aftringent property^ 
that it is theprincipal feat of the virtue which the 
phyficians call antifeptic ; that it is perhaps the 
matter which cures fevers, and the periodical re- 
turns of difeafes, and that laftly all the beau- 
tiful and flriking properties which it prefents, 
not only required that I ihould treat of them 
at length, hut alfo deferve the attention of 
philofophers, of chemiftsand of phyficians. It 
pannot be doubted but that this ftudy w;ill lead 
to great and uieful difcoveries. 
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Article XXIII. 

Of the Twentieth of the immediate Materials 

• ijf Vegetables ; of Suben 

* 

.1.1 PROPOSE to, give the namef of fuberto 
a vegetable matter analogous to cork, and which 
perfents chemical charafters fimilar to thofe of 
that body. ThisTOatter covers all the vegetables, 
and forms their epidermis; it is a dry membrane, 
brittle, thin, femi-tranfparent, eafily rolling to- 
gether by the cpnta6l x>i the dry air, infipid, 
infoluble in water, and yet feparable from the 
bark by the abforption of this liquid, and the 
inflation which it rieceives from it. Cork, pro- 
perly fo called, feems to be only this matter 
more indurated, condenfed, and accumulated, 
fo that the epidermis of every tree, confidered 
under this relation, is only a layer of cork. 

S. Though it was very probable, from the 
mere afpeft and external properties of cork, 
which diftinguifh it fufficiently from all other 
vegetable matters, that it was really a fubftance 
different from all others, it was not till 1787 
that Mr. Brugnatelli firft publifhed an obferva- 
tion that ferved to ch;ira6lerize cork as a parti- 
cular matter. ^ By diftilling nitric acid upon this 
fubilance, befides the corrofion and the yellow 
colour that were already known to be produced 
' Vol. VIIL K . upon 
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upon it by the contaft of the acid, this philofo*' 
pher difcovered that there was formed a par- 
ticular acid different from all others before 
known. Citizen Bouillon La Grange has fincc 
examined this acid, which had only been an- 
nounced by Brugnatelli, and has given an ac- 
count of feveral of its properties, as well as of 
thofe of the cork itfelf, It was already known 
that cork is Very light, very combuftible, that 
it gives a white and brilliant flame; that it 
leaves a very light, very black, fwelled coal^ 
that it affords a little ammonia by diftillation. 

3. When we wifh to treat this body by the 
nitric acid, the acid muft not be taken too much 
concentrated not containing too much nitrous 
gas, for it is fufceptible of inflaming it. Car- 
bonic acid gas and nitrous gas are difengaged 
during the reciprocal aftion of the cork and the 
acid. In proportion as the cork is converted 
into fuberic acid, there is feparated a yellow foft 
inatter, which fwims at the furfuce of this li- 
quor, and is a particular lat matter, nnuch re- 
fembling refin or fat: thefe are the yellow 
fragments which are feen fwimming upon tte 
nitric acid into which cork-ftopper have fallen. 

4. By the evaporation of the nitric acid that 
hds afted upon cork, fmall needles of fuberic 
acid of a fawn-yello-w colour are feparated 
Citizen La Grange has employed two means for 
purifying it : the one confifts in combining it 
with an alkali, evaporating the well-filtrated 
folution. to the confiflence of a fy rup, afterwards 

precipitating 
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,]precipitatingit by a fti^pn^ acidj faqh a&the 

-ttiuariatic, and.wafl^iing itwiell wHh f^old.4iftin<;4 
^ater; ^ The fecond fneafts.is»t<)1x>il»tbc yelloM^ 
ill berie^ acid ivath a little ^vater ^>4' {H^lViefcized 
<riiatcpal, and to -ftltpate the hat«liqujoir!y' .the 
acid is dispofited by ooolingv:rjnnth'e foHd ^rii 
cryftalliiac/ foTrn^ it is mufcb.kfs jcOlo^riCfl tbft? 
ii waa.at firii : the remainder is obt^infl^jVy 
ierapamtmgf (the fuperriatant liq^tgr. :lt,4ia8? ft 
iiairOi land laoerb tafte^ it reddejih the blue y<^«r 
Aable colours; it ;become(s> black by :the cpiju- 
Aaj6t-of light; by a raiki heat ,it is jvolatijiaed 
-without b(d&Rg deconqjofed ; it, -is liqul^fied >Jyr 
the conta6l of oxigen ga3f;-:itdifl0lves:in water 
of which ttire^uiresat leaft fifty piarts wh^n.xt is 
;Cotiid.} fhot ,<^v^er .^iffolres. much ino^e^ arid it 
13 fejial*ated;.fro^^)l itrin ^rt Jby ,eoolilng,>diii -^fc 
-cryfiaUine fij^mii' ...'■:,- ji lo ^' -oio:; vh • -rr 

: iS:.'' Ifhe -acids; with ; fi8aii>lie; ladicalsx idb >nat kSL 
ijpon tbe:ftrlberic sacid.'unWfs vXhfia they vcnp^boW' 
<rentiated, dtididlaen they 'bnnrit. • ! ^AlcohiJl idil^ 
ifoi/res ifcfhettB^tiianwatea^ and affijiueb withtit 4i 
finell of »Etau! dcNoy au <± alw onids^r • i The! cobibii- 
jatafcioM of like fuberie acid iwi ththe^af the atrdithfe 
Kjlkalis^areinoireorilefsifoluht^ctfoimi^ ofithdb fis^ 
hevsLtCB ciTj'rftallicje w^jell,: lotHers with diffledltl^; 
Jtfaere are fome which iretnaio in the^ puiverulewt 
jttidiinfaluble form, whilftothers are deiiquefiDeait 
^lieiflrongtacids decxDimpofe them and |>r€sci9>itktfe 
from their folutions the' fuheric acid wbicb fepar 
rates iu the cryftallizeid fornix ;:/ r • 

i ' Ks 6. The 
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6. The fubcric acid attacks few of the metakv 
if we except irott and «inc ; it unites with al- 
moft all the oxide» and forms with mod of them 
infoluble falts ; it changes the colour of tlie falts 
of zinc, of iron, and of copper ; it precipitates 
the nitric folutions of lead, of mercury and of 
filver in a white powder. Citizen La Grange has 
began to determine the eleftive attra6tions of 
this acid, and he has found them to be, with 
rfefpeft to the alkaline and earthy bafes, in the 
fame order as thofe of the fulphuric, nitric and 
muriatic acids for thefe bafes. He Has not yet 
been able to appreciate thofe which it" exerts 
upon the metkllic oxides, 

7. The bark of the variety of the knotty kind 
of elm which is called the twijiedelm^ and which ' 
has the thick^efs, the foftnefo, the elafticity 
and the porofity of texture of cork, prefent- 
jed to Citizen Vauquelin properties very much 
analogous to thcAe of cork propejly fo called, 
and fome experiments made upon the epidermis 
of fcveral trees have prefented to me fufficiently 
marked analogies with this epidermoid fub- 
ilance of the oak which affords the real cork, 
to lead nie to think that I ought to approximate 
aH thefe matters under the generic name offubery 
jas forming really one of the diftin6l and conftant 
materials of vegetables. It will require future 
Jajiours and new refearches to afc^rtain more 
accurately the nature of this vbody, which me- 
rits all the attenticoi of chcmifts. 

: : . 8. Neither 
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8. Neither do I doubt but that this body, which 
fo much refembles the ligneous texture and the 
vegetable colouring matter, contains a certain 
proportion of azote amongft its principles ; and 
though I have yet little pofitive knowledge 
rcfpe6ling its nature, at leaft beyond what is 
fufficient for diftingiiifhing it from the other 
immediate materials of plants, it is however 
fufficient to point out an analogy which ex- 
ifts, found between vegetable and animals^ 
in the t:ircumftance that their body is fur- 
rounded and covered with an infoluble texture, 
impervious to water, different from all the other 
tei^tures of which^ they are ' formed, and really 
Jeftined to perform a particular function in their 
prganiza;tioxu 



Article XXIV. 

y 

Of the different Ufatters more or leps analogous 
Ito Fojjil or Mineral Subjiances which are 
found mi^ved or combined with the immediate 
Materials of Vegetables, 

1 . IT has been feen by the numerous fa6is 
eolle6led in a great number of articles of this 
feventh fedion, that all the immediate materials 
i[^ vegetables are formed, in their firft principles, 
of carbon, of hidrogen and of oxigen ; that azote 
^Jfp enters amongft them in fome, which then 

approsich 
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approach' td tjtie animal matters ; that the fin- 
gular variety of form, of confiftepce, of tafte, 
of fmell, of colour, and of all their chemical 
properties; depends almoft folely. upon the dif» 
ferent proportion of thefe primitive principles, 
and that it requiaes only a very flight variation: 
in this proportion to give rife to a very great 
one in their varieties. But. befid^s this general 
uniformity of compofition, which- admits in the 
diverfityoftheirrefpeftivequantitiesofprineipleaf 
the caufe of their diverfity of nature, thete is 
another fotirce of fome differences between thefe 
materials, the influence of which mufl; here be 
explaiiled, and its relations with the propeitjies 
of thefe materials themfelves determined. 

2. This caufe exifts in bodies foreign in fome 
meafure to their intimate nature, which fome- 
times form part of their compofition, or which 
vary fome of their properties, though they are 
only difleminated, temporary or acceflaty to 
them. Thefe bodies, foreign to the vegetable 
compofition, are foflil matters, moft frequently 
drawn up from the earth by the capillary 
tubes of the roots, and carried into the veflels 
of the plants with the juices or the water which 
thefe organs inceffantly abforb from it. They 
are in general of two clafles, either fimplc or 
c6mpound matters. I refer them ; a. totheun- 
decompofed combuftible bodies ; h, to thenletals; 
c. to the acids ;. d. to the earthy and alkaline 
bafes; e. to thefaline fubftanccs; and I fliall con- 
fidei' them in this order. 

3. Amongft 
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3. Amongft the fimple combuftible bodies^ 
fulphur and phofphorus are frequently met m ith 
in plants. Sulphur has been found in many 
of the cruciferous plants ; their diftilled M^aters, 
alcohol diftilled upon thefc plants in the phar- 
ipaceutical preparations, depofit fulphur, even 
ip^ the cryftallized ftate by long (landing. In 
lUitrefying, thefe vegetables exhale the fetid 
ftnell pf fulphurated hidrogen gas ; the water, 
charged by diftillation with what was called 
their fpiritus redor or aroma, comports itfelf 
like a real folution of this gas in fmaU quantity, 
and depofits fulphur whenever this gas is de- 
compofed by the cpntad of the air and the ab- 
sorption of the bxigen,^ According to the ex- 
periments of Citizen Deyeux, fulphur is ex- 
tr46led in powder from the fecula of the root of 
patience, or from tliis root rafped and waflied 
in water, or from the fcum which it forms when 
it is boiled in that liquid. Margxafthas extra6led 
phofphorus. from muftaitl-feed heated by a ftrong 
fire in diftillation, and the phofphoric acid of 
the bog-ores, and alluvial-ores, particularly of 
thofe of iron is attributed to the aquatic plants 
under which thefe ores are formed. 

4. Iron is frequently found in the ftate of 
oxide in plants; it is even faid to have been 
found in metallic grains in ftrawberries. The 
oxide of this metal frequently exifts in theaflies 
of vegetables. It is faid that thofe of the hard 
woods, efpecially of tlie oak, contain one twelfth 
of their weight of it The colours pf plants 

and 
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and that of their flowers was formerly attributed 
falfely to this metal. It cannot be doubted that 
it paffes from the interior of the earth throug^h 
the roots. , Scheefe has found the oxide of 
manganefe as frequently as that of iron in ve^ 
gej|:able aflies, and it is probable that what has 
frequently been taken for iron was only the oxide 
of this metal. Some chemifts, with Becher arid 
Kunckel at their head, admit the prefence of 
gold in plants; but the vefy fmall quantity 
of this metal that can be extrafted from their 
afhes, ahd which is feparated from tliem only 
by means of fufion with lead, appears to pro* 
ceed rather from the latter than from the aiflics 
themfelves, as has been proved by perfons of 
greater accuracy than thoffe who have renewed 
in oUr days this anti(]|uated pretepflon of che-i 
miftry. 

5. Amopgft the fnnple burned bodies (after 
water which, without being a real vegetable 
matter appears to be effential to the nature of 
plants, and neceffarily to form a conftituent part 
of their materials, which it dilutes and tranf- 
ports), there are only a few acids which are met 
with in the prod lifts of vegetables ; Only the 
carbonic acid is found pure in them ; but it ap- 
pears to be fo frequent and fo abundant, efpe- 
cially in the faps; that it feems to form one of 
the principal nutriments of plants, as I ihall 
fhow elfewhere. None of the other acids that 
are extrafted from them exifts in them m a pure 
ftate, but always combined with earthy and al- 
kaline 
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Icaline bates : fuch is the ilate of the fulphuric/ 
nitric, muriatic, and phofphoric acids, which 
are united in them with pot-aih, with lime, and 
fometimes, though much more rarely, with 
foda, in faline combinations* 

6. Several of the earthy and alkaline matters. 
of which I have given an account in the fourth 
fe£lion of this work, exift alfo very frequently 
amongft the materials of vegetables. Silex is 
found in almoft all their aihes ; it is fometimes 
in concretions, as in the tebajheer. Alumine 
exifls in them, but much lefs than^ has been faid. 
Magnelia is in the fame predicament. * Lime is 
much more abundant in them, and is found efpe- 
cially combined with the fulphuric, phofphoric, 
or carbonic acids, Pot-aih is found fo frequently 
in them, and forms fo large and conflant apait 
of their burned refidues, tliat it was formerly 
confidcred: Jls belonging exclufively to plants, 
and on that account called vegetable alkali. It 
was even believed that it was found only in ve-* 
getables, that it was peculiar to them, and that 
it was formed by the very aft of vegetation^ 
Though it is well afcertained that this alkali is 
found amongft foiTils, and that it even forms 
one of their principles, efpecially in the vol- 
canic products, as I have elfe where indicated, 
it is moft frequently from vegetable matters 
that it is extrafted. After having burned herbs, 
and efpecially woods, their afhes are lixiviated, 
this lixivium Is evaporated to dryncffs, and in this 
manner the crude pot-a(h oxfalin is obtained ; this 

fait 
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fait. 18 calcined in ovens, wliere itis kept red-hot 
for feveral hours { it is in this manner that the 
pot-a(h' of commerce is prepaved. It con tarns, be* 
'fides the portion of cauftic pot-afli/ which is 
expefted, carbonate of pot-afli, fulphate of 
pot-afh, muriate of pot- ^fb, fulphate of lime, 
phofphate of lime, frequ^^tly o^ide of iron, 
oxide of manganefe, filex : all thefe foreign mat- 
ters are feparated by lixiviating them in very 
little water, by keeping this lixivium for a long 
time in the air, in order tb^t the filex may . be 
precipitated from it in proportion as the alkali 
abforbs the atipofpheric carbonic acid ; or elfe, 
if it is wiftied to obtain the pot-afli pure, by 
treating it with alcohol, either immediately, or 
after having mixed it with quick lime, in order 
to decompofe. the carbonate of pot-afli which it 
contains:: in this manner much more of cauftic 
pot-afli is obtained: tban when the alcohol, which 
does not touch the falts, is employed alone and 
immediately in order to difiblve it . 

7. Soda is much more rarely contained in 
vegetables, than pot-afli; thofe only which 
grow in the water of the fea furnifli it by 
combuftion ;, and it has elfewhere been feei^ 
that it is only by the incineration of the kalis, 
the vareks, and the fucus,; that foda is ob- 
tained upon the fea-coafts. It is moft frequently 
combined in plants .with the. muriatic acrd, 
fometime's, though much more rarely, with the 
fulphuric acid. It appears, according to the 
analyfis of the falfola fpda, macle by Citizen 

Vauquelin, 
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VsMiquelia, that foda cxifts alfo in the pure and 
GmlftlqAafe! in :marine plants. . 

8,. /Tbe faltSji property fo called, Or the Iklind 
combinations of feveralofthe acida with iimple 
radical, with eartby and alkaline bafts, are alfo 
met with in plants ; they are even the foffil 
matters tliat are found in them the m oft fre- 
quently, and that ^re extraded from them the 
moft eafily. They are extra6led from their eva-- 
porated juices ; they eftlorefece upon their ex- 
tra6{s; they are fepa rated from their aflies. Such 
are particularly the fulphate of pot-afli, that of 
foda and of lime, the nitrate of pot-afli, the 
muriate of pot-afli, the muriate of foda, and 
the phofphate of lime* 

9. There is reafon to think that all thefe 
foffil matters, the quality of which varies in* 
ceflkntly amongft the vegetable produfts which 
are not neceflary to their conftitution, which are 
Only acceflary, and as it were accidental amongft 
their immediate materials, which in a word may 
vary greatly in their proportion and their di- 
verfity, without changing the nature itfelf of 
thefe materials do proceed immediately from the 
earth in which the roots of the plants r-re 
plunged, and that they have been abforbed by 
the roots of thefe beings with the water, which 
efpecially ferves for their nouriihnjent j accord* 
ingly they depend upon the nature of tlii^, foils 
in which thefe roots, ^re placed. 

IQ. Some natural philofophers have, however, 

thought that vegetation gave rife to tftuenni^ that 

they 
3 
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they were formed in a dire3; manner in the or* 
gans of the plants themfelves : this * opinion 
)ias jefpecially been adopted as to pot-aih and 
nitre. There are fome chemifts who even carry 
this notion fo far as to believe that iron is 
alfo formed by the powers of vegetable life ; 
but far from acquiring or difcovering proofs of 
this opinion iut}y$ fa£ls, it appears that it becomes 
lefs and lefs probable in proportion to the pro- 
grefs which analyfis makes ; whilft the opinion 
which admits the paffage of thefe matters from 
the foil itfelf into plants, receives every day 
ildditional cpnfirmationfi 



^ifth Order of FaBsj refpeSting the Vegetable 

Compounds. 

Of the fpontaneous Alterations of which thefe 
Compounds are fufceptible* 

Article I. 

Of the Nature and general Caufes of thefe 

Alterations^ 

1. ALL the phenomena, all the fa6ls hither* 
to .colle6ted refpefiting vegetable compounds, 
proves, as has been fhown in the preceding arti- 
cles; that thefe compounds, being more complicat- 
ed in their compofition than thofe which belong 

to 
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to the foflils, are alfo for the fame reafon much 
lefs permanent than the latter; The attira6tions 
which exift between their primitive principles, 
at leaft to the number of three, . permit them 
but rarely to remain permanent in their firft ftate; 
unlefs when their molecules being very dole 
together, and very much condenfed, ' do not 
ajdmit between them any foreign fubflance, 
which may feparate them, and folicit thofe of 
fheir component parts to re-aft upon one an^ 
other. 

2. As foon as the circumftailce of the fepara- 
tion of their integrant molecules takes place by 
the intromiffion, either of thofe of Caloric, or 
of thofe of water, which is always accompanied 
with the former of thefe bodies, the equilibri- 
um of their compofition is then fpeedily broken, 
the attraftion between the primitive bodies 
which compofe them is changed, and afTumes 
another mode ; and by uniting in another man- 
ner, by tending to combine two and two, or 
each feparately, with thofe that are moft accom- 
modated to them, they induce the more or lefs 
entire diflblution of the firft compound, its 
more or lefs profound alteration, its more or lefe 
complete decompofition. 

3. Such is in general the two-fold firft caufe 
of all the fpontaneous alterations of which 
vegetable matters are fufceptible: the one re- 
fides in the nature of their compofition itfelf, in 
the weaknefs of the equilibrium \<^hieh holds 
Jthcir principles united, in the djfpofition which 

.3 . . they 
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they have to feparate in order to tombinc ixi 
another order. Nature, having kitended oiily 
a tranfient and temporiafy adhefion in th^fe^^e^ 
getable compounds, ha^ imprint^ iupail jKhew 
the charafter of variability and inconftaticy: 
the other caufe confifts iu the intromiflion of the 
molecules of any bodies between their own ; aft 
intromiflion which, by weakenijig4:hc cohniafiioii 
V^hich keeps them united, by diminiihing thek* 
peculiar attraftion, difpofes them to feparate, 
caufes them to unite in another order, to fomft 
i^ew compounds, and to.appear under new forms 
ai)d with new properties. 

4. It is conftantly obfer^-ed that theefFeftof 
the inteftine movements, which occafion thofe 
fponunepus changes of nature and compofition, 
that the particular confequence or the reguiar 
and determined feries of thefe movements, pFO*- 
ducjejn general compouuds lefs complicated t^xan 
thofe which have been thus fubje^ed to :thein. 
Thus the hidrogen tends to unite with the oxigeii 
and to form water; the hidrogen tendato coai'- 
bine with the azote, and to confiitute ammonia; 
the carbon to feize feparately upon the oxi- 
gen, and to Qompofe the carbonic acid. Such 
is alfo the conflant termination of thefe altera- 
tions which, when confidered under this poinft of 
view, refpmble thjB efFe6l produced by the.a&ioa 
of fire, or by that of the powerful acids/ the moft 
energetic pxigenated bodies. 
. ,5. But before the laft terrtis of the fponta"- 
^^us, of which thefe vegetable compounds ace 
J fijfceptibl^ 
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fufceptible, is attained by the decompofition 
which they untiergo, they ftop at different periods, 
they remain in different intermediate ftates^ they 
pafs through feveral fucceffive terms in which thejr 
have acquired particular characters, diftinftive 
properties which may be eafily difcerned, and 
in which, by attentively watching the periods 
when they arrive, it is poffiblfe to interrupt their 
continuation, and to -fix them in fuch a inanncr 
as to prevent the alteration frt>tfl' advancing fat- 
ther, or being longer continueii. 

6. Since obfervation has afcertaiiied thiiJ'/nai- 
tural attraftion of th^ vegetable compoundsv bs 
well as the caufes or general -ci^cuitiflaticfcs 
which favour it, it nluft not 'otaly- xhtow a 
light upon a multitude of effefiiis andprodiic- 
tions which are its natural confe^aencesamongft 
the numerous phenom<ena of nature, but it has 
has alfo led me to investigate the means eithcJr 
of p«)duoiiig: t%?6fe a)teTatio*ji-at pleasure, ^>or 
of carrying ' them to the •point which; irt 
wiA them tb atftain,' ior bf fixing th^m^^ at . the 
period which w^ biay^fihdoufcful for* cljur wante, 
or iinaily of emir^lij^ (Ibppiiig^ theniji ^M pre* 
ventinfgithfein fmmttafclngr-plice>5' and ail the 
means which are at the di%ofiti(Sm df the krts 
are employed by man with moret)r tefe.fuccefs, 
and varied, atcording to the prodol^ AvhJcb 
be may wiih to proctiFe. J^ I : 

?• The fcience, aftera Idtig^ *6iirfe 43f *^te- 
fervations updft" the fpotttiiieous attefAtidnft 
to whiiJh the vtfgetobteis^ Are &&jea,-«Adwhi€|i 

they 
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they experience in a manner, varied according 
to circumftances, and the different agents to 
vhich they are fubjefted, has been under 
the neceflity of diftinguifliing the nature itfelf 
of thefe alterations into feveral fpecics. It 
confiders in fucceffion, and in this order the * 
fermentations^ the gradual deconlpofitions in the 
air, the flow and fubterraneous a£iion of wa- 
ters, the influence of the foil, and the differ- 
ent kinds of earth upon the vegetables that are 
buried in it, and confequently palTes in review, 
in the courfe of thefe important confiderations, 
the varied products of thefe alterations ; thofe ' 
of the fermentations, the putrefied woods, the 
moulds, the bttumenS| the folTil vegetables, tlie 
petrifactions, &c. 

8. This manner of defcribing and confidering 
the fpontaneous alterations of vegetable mat- 
ters, which is infinitely more methodical than 
any that has hitherto been attempted in Element 
tary Treatifes of Chemiftry, has the advantage 
of prefenting, in a well-arranged fyftem, the to- 
tality and the feries of feveral bodies which has 
formerly been erroneoufly referred to the mineral 
kingdom. I need not remark that all thefe alte* 
rations take place only upon vegetables deprived 
of life, that vegetation repels them, that their ef- 
fe6i8 may be confidered as the means of natural 
analyfis, and that by obferving them with much 
attention, the fcience may derive great light with 
xefpeft to the nature and ,compofitiou of ve- 
getable fublUaces. Tliis^ laft point, as well as 

that 
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that of the utility of the produds formed im 
confequence of thefe alterations^ Ihall particur: 
larly occupy the fubfequent articles 



Article IL 

•■ 

Of the Fermentdtions in general^ and of their 
DiJiinBion into federal Species. 

!• AS the changes Arhich take place in 
vegetables by their fpontanebus alterations are 
almoft always accompanied with an inteftine 
movement which agitates them, raifes them, 
aiui feems to torment their mafe, the phenome- 
non itfelf by which the vegetable matters thus 
fubje^ted to the eye of the obferver in the air, or 
in open or tranfparent veffels undergo thefe 
changes, has beeu called fermentation ; fo that 
ao modification dependant upon their intimate 
nature^ and fufceptible of changing this nature 
itfelf, is faid to take place without fermentation* 
2. It was foon perceived in the fciencethat 
this fpontaneous alteration varies Angularly in 
Vegetable matters, according to the differ- 
ence of their nature ; and as every internal va- 
riation or change depetidant upon the nature of 
t.li€l« matters itfelf^ and taking place without 
tlie neceffary intervention of a foreign agent, 
hkaSf from that circumftance alone, the charac- 
"ter of a fermentation, it was natural for che- 
. Vox. VIIL L mifts 
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mifts to diftinguifli the different fpecies of fer-* 
mentatioiu 

3. Boerhaave firft diftinguifhed three fermen- 
tations, the firft of which he called the fpiri^ 
tuous fermentation ; the fecond, the acid or 
the acetous fermentation ; the third, the putrid 
fermentation. He confidered them as eftablifli- 
ed by nature in a conftant order, and following 
each other regularly in that which I have juft 
enunciated. Thus the fecond, according to 
him, could take place only after the firft, and 
the third only after the fecond ; whence it is 
eafy to fee that he conceived them as a feries of 
iuteftine movements linked together by an equal 
and intimate caufe, fucceeding each .other by 
an indifpenfable neceffity, and mutually excit- 
ing each other. 

. 4. Though feveral chemifts have propofed 
fome. modifications of this ingenious fyftem 
of Boerhaave, moft natural philofophers have 
adopted all his notions, and this courfe has long 
been followed ip. the fchools. That of Rouelle 
efpecially has greatly contributecj to propagate, 
and even to extend it Each of thefe fermen- 
tations was diftinguiflied by its produ^. That 
which was called fpirituous had for its produ6i 
fpirit of wine^ ov ardent Jpiriif which is now 
called alcohol ; that of the fecond, or of the 
acid fermentation, was vinegar ; and on this ac- 
count it was called acetous, after Boerhaave; 
laftly, the putrid fermentation bore the name 
of alkaline, becaufe the volatile alkali, or am- 
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monia was coufidered as its eirential or conftant 
produft, 

5. Some chemifts, and efpecially Bucquet, in 
the laft years of his life, and in his laft leftures, 
from 1776 to 1779, believed that this diftinaion 
into three fpecies was not fufficient to com- 
prehend all the alterations or fermentations of 
which the vegetables are fufceptible. They 
adduced, as proofs of their opinion, the rifing* 
of dough, or the panary fermentation ; hut this 
manifeftly tends to form an acid, and enters 
into the fecond fpecies of Boerhaave: and the 
fermentation .which develops itfelf in the co- 
louring parts, fuch asthofe of the indigo-plant 
and pafiel 

6. By confidering this fubjeflin all its extent, 
and under all its afpefts, I have found that 
there are a6lually feveral kinds of fermentative 
mbvements, which are different from the three 
fermentations diftinguiflied by Boerhaave, ei- 
ther by their phenomena or by their produft ; 
that it was neceffary to add at leaft two very 
diilind fpecies to the three admitted after the 
celebrated profeflbr of Leyden ; and that in 
proportion as more attentive and accurate in- 
veftigation ihall be made into the circumftances, 
the conditions, and the effeds of thofc fpon- 
taneous movements which the different vege- 
table matters undergo, we fhall naturally be led 
hereafter to multiply their fpecies ftill more^ and 
to determine'their real differences, 

L 2 7. I there- 
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7- I therefore admit five fpecies of, vegetable 
fermentations ; the firft is the faccharine fer- 
mentation ; the fecond, the vinous fermen- 
tation; ^the third, the acid fermentation; 'the 
fourth, the colouring fermentation; and the 
fifth, the putrid fermentation. Their difpofi'- 
tion announces that they follow each, other in 
the order in which they have been enunci- 
ated ; that there is one which precedes that 
which Boerhaave confidered as the firft, and an?^ 
other placed between the acid and the putrid 
fermentation. I fhall here treat of them fuc- 
ceffively in feparate articles; but I muft firft 
prefcnt a few general truths. 

8. The firft of thefc general truths is the n©- 
ceflity of well diftinguilhing the fermentative 
alteration from the other fpontaneous changes 
of which the vegetables are fufceptible i for 
example from thofe which they undergo, when,, 
otherwife deprived of the conditions neceffary 
to the efteft of fermentation, they are immerfed 
in water, or buried in dry earth. Here not 
only the circumftances which I may call ferr 
mentiferous are wanting, but the vegetables are 
themfelves fubjedled to the a6lion of other 
agents capable of retarding or ftopping their 
fernlentation, or of a^ing in fome other man-* 
ner upon their compofition. Accordingly, in 
the order of fafts with which I am here bccu- 
'pied, I diftinguiih the formation of the: foil, 
that of the bitun>ens and fofiilization, ju-operly 

fo 
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•fo called, from the fermentations. Though 
tlie very nature of the vegetable matters, which 
undergo the one or the other of thefe altera* 
tions^ oonfiderably oppofes any real fermen- 
tation, i ifliall Ihow, in- treating of thefe phe- 
nomena, and of their produftSj that the ex- 
traneous circumftances, that the inftruments or 
the agents in which the vegetables are immerfed 
when they experience the effects very different 
from fermentations, modify the kind of altera- 
tion which they undergo in a very different 
manner. 

9. A fecond truth ftill more nearly relating 
to the hiftory of fermentation in general is, 
that no vegetable matter can undergo it, unlefs 
it be penetrated with a certain quantity of wa^ 
ter, which, as I have already announced iii 
the preceding article, feparates its particles, di- 
niiniflies their own attradion, and difpofes them 
to aft reciprocally upon one another. This ne- 
ceffity of water is fo indifpenfable, that the 
futeft means of preventing all fermentation cop- 
fifts in depriving the vegetable matters com- 
pletely of this liquid, by totally drying them. 
In the dry ftate, thefe bodies preferve the in- 
tegrity of their compofition ; they undergo no 
kind of alteration or change. It is fufficir- 
;ently known, from the hiftory of grainy and 
feeds of every kind, that they are only to 
be prefervcd found by keeping them in dry 
places, defended againft all kind of moifture; 

from 
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from that of plants of all kiiids, of roots, ftalks, 
flowers, and fruits, which are only prefeiiVed 
during feveral feafons, and even whole years, 
after they have been dried in the fun or in 
(loves ; and laftly from that of the pulps, the po\^"- 
ders, the farinee, the extrafts of all the phar-* 
maceutical vegetable preparations, the purity 
and the properties of which cannot he preferved, 
unlefs by reducing them to a ftate of perfeft 
dryncfs, and inclofing them in veffels well dN 
fended againft humid vapours. 

10. The third truth which I muft place here, 
in order to elucidate the general conditions of 
fermentation, and render their particular theory 
better underftood, is, that a certain elevation 
of temperature is neceflary to the produftion 
of this movement : no fermentation is known 
below the freezing point, and even nioft of 
thofe movements do not begin to be excited, 
except at temperatures elevated above fifteen 
degtiees of ^Reaumur's thermometer. Thus all 
fermentation is flopped, or rather it catinot 
take place under the poles, in the frozen 
countries and feafons : and thus, on the con* 
trary, the hotter climates prefent the fermeuT 
' tations in all their power, in all their activity. 
However, in the torrid zones, fituated under the 
equator, thefe movements take place only in the 
more fluid vegetable matters, or in thofe which 
contain much water; for thofe which are 
provided only with a fmall quantity lofe it 
quickly, and dry with fuch celerity in the 

torrid 
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torrid regions, that this firft effed in general 
oppofes the procefs of fermentation. 

11. Though thefe two circumftances, water 
and heat, are the two moft eflential conditions 
of fermentation in general, ^heir neceflity or 
the proportion of their influence in fome refpeft 
varies for each fpecies Qf fermentation. There 
are fome which require only a fmall proportion 
of water and a temperature little elevated; others, 
on the contrary, require ijiuch liquid and a 
pretty ftrong heat. But thefe details belong to 
each fermentation in particular. • 

12. It has long been remarked that by mixing 
with a veg;etablefubftancefufceptibleof fermen-^ 
tation, a portion, frequently even a very fmall 
one, of the fatne matter which has already fer^ 
mented, the firft p^ffes into the fermentative 
motion with much greater celerity than if it 
Jiad been alone, and paffes through it in a much 
more rapid manner. Every one know3 that it 
is in this manner that the dough of wheat is 
made to rife more confiderably, and to fer-^ 
ment more quickly, by adding a fmall qujan- 
tity of yeaft or of dough that has already 
rifen, known by the name of leaven. The 
chemifts, fmce Stahl who wrotp a.particular work 
upon this fubje6l, have eftaWiflied a theory of 
what were called fermentSy which has been 
much abufed in medicine, into which it has 
been transferred. The/ have believed that no 
fermentation could be produced without the 
iwidition of an already fermented matter or a* 

ferment* 
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ferment. The phyficians, on their part, have 
thought that ^ fimilar efFe6l took place in a 
multitude of difeafes, and that particularly all 
thofe which proceeded from a virus, efpecially 
the affections coijimunicated by inoculation, by 
the introduftion of any ipatter, owed their 
origin only to an inteftine movement occafioned 
by p, ferment. It is at prefent well underftood, 
that though foreign bodies introduced betM'eeii 
the particle of different vegetable fubftances, fa- 
vour the movement of fermentation to whicli 
they are naturally difpofed, it is not neceffary 
that thefe bodies fhould themfelves have fer- 
mented ; and that, though in the latter cafe the 
fermentation is generally eftablifhed in a more 
4'apid and more evident manner, yet every ex* 
*raneous fubftanee capable of removing thepar^ 
tides afunder, and diminilhing their reciprocal 
adheilon, enjoys the fame property ; thus the 
carbonic acid, by its qharafter of eafily afluming 
the gafeous form, of occupying a large fpace, 
confequently of removing the particles of the 
bodies between which it is lodged, has more 
efpecially the property of giving rife to fermen- 
tation in them, and of developing more quickly 
that inteftine motion which tends to effefl; a 
change of their nature, as appears from the rer 
fe^rcbes of Mr. Henry, an Englifli chemift. 



Article 
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Article III. 
Of the Saccharine Fermentation. 

\. \ TERM the faccharine fermentation an 
an inteftine and fpontaneous motion, whfch is 
frequently excited in feveral vegetable fub- 
ftances, and by which a faccharine matter is 
fomned in them, which did not previoufly exift 
there, Since this phenomenon really exifts, 
^nd fince, without the aftion of any external 
agent or inftrument foreign to. the neceffary 
conditions of fermentation, an infipid vegetable 
fubftance becomes truly faccharine, it is impof- 
fible not to admit- in this fpontaneous produc- 
tion an a6lual fermentation. The fadls which I 
am about to colled will place this truth out of 
lall doubt. 

2. I place this fermentation in the firft rank, 
becaufeit really precedes the vinous fermentation 
which Boerhaave had confidered as the firft. In 
faft, we fliall foon fee that the prefence af a fac- 
charine matter is jndifpenfably neceffary to give 
rife to tbe formation of a vinous liquor ; that all 
the mucous, infipid fubftances are abfolutely 
incapable of experiencing this vinous fermenta- 
tion; that all thofe, on tl)e contrary, which 
have a more or lefs faccharine tafte, ^re 
evidently fufceptible of it ; and that the not 
faccharine or infipid fubftances, which fome- 

times 
a 
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times pafs into the vinous ftate, cannot arrive at 
this ftate without previoufly contra6ling the 
tafte and all the properties of the faccharine 
matters. 

3. This tranlition of the infipid matters into 
the ftate of faccharine fubftances belongs to a fer- 
mentation, and it is this which I ttrm facchctrine^ 
becaufe its produ6l is fugar. I do not mean to • 
imply that the formation of the faccharine mat- 
ter depends always and neceffarily upon this fpe- 
cies of fermentation ; or that becaufe a vegetable 
matter is faccharine, it has undergone this par- 
ticular movement : it would be equally necef- 
fary to fuppofe that there could be no vinegar 
or acetous acid without the acid fermentation 
and the inteftine change of a wine ; whereas a 
multitude of chemical fa6ls, feveral of which I 
have already prefented upon former occafions, 
and to which I fliall hereafter add fome others, 
prove that acetous acid is formed by other cir- 
cumftances belides fermentation ; and we have 
feen it particularly in the action of the fulphuric 
and nitric acids uporf the infipid, vifcous and 
dry vegetable matters. The fame is the cafe 
with fugar : fome fugars are formed in vege- 
table matters by the progrefs of vegetation it- 
felf ; but there are fome alfo vhich are produced 

s b}^ a kind of fermentation ; and it is of this that 
we have to treat in the prefent article. 

4. One of the firft^proceffes in the art of brew- 
ing will be fufficient to prove the^exiftence of 
the faccharine fermentation. It is known that 

barley, 
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barley, wheat, maize and moft of the cereal feeds, 
penetrated firft with a certain quantity of water, 
and afterwards expofed in heaps to a tempera- 
ture above 12 degrees, fwell and announce the 
inteftin^ movement that is excited in them by 
the development of the germ which fprouts out 
of thefe feeds. At this period the brewer ftops 
this motion ; he heat^ anjd dries thefe germinated 
feeds by the adion of the fire in the malt-kiln ; 
and when they are vv^ell dried, he grinds them 
in order afterwards to prepare. a deco£iion of 
them, .wliich then is capable of fermenting 
and affording been The grain in this (late has 
acquired a faccharine tafle, and the water which 
^has been boiled upon this matter has extracted 
from it a real faccharine fubflance which may be 
obtained from it by evaporation. Previous to 
this fermentation, it was infipid and fimply fari* 
fiaceous, and it is a portionbf this infipid mat^ 
ter which has become faccharine by a real 
fermentation^ and by the intefline motrott 
of its own particles removed from each other 
by the water and the caloric ; for it is impoifible 
to attribute this phenomenon to any other cau£e. 
5- It cannot be doubted that this faccharine 
fermentation takes place iq all the cereal grains, 
perhaps in all the monocotyledonal feeds wHieh 
germinate. Th? germination itfelf appears to 
be its necelTary confequence, or at kaft con* 
ftantly to accompany it All the germinated 
feeds are in fa6l faccharine, and I have obferved 
^ fufiipient number of thexn iu this ftate, to in- 
duce 
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duce me to think that tikiis phencxiwendn is ge- 
neral; it is not improbable that ©aany of the 
dicotyledonal feeds prdfent the fame cliaraSter 
d tiring their germination. Thus the faccharine 
fermentation, ortite conrerfion of the mucous, 
infipid and feculent fu balance into fugar, by the 
cfFeft of germination, may be reckoned amongft 
the number of the firft chemical phenomena 
which vegetation prefents, 

6. There exi ft many other circumftances of 
the vegetable analyfis in which a faccharine 
matter is formed at the expenfe of another 
matter which was not previoufly fuch. Such 
efpecially is the maturation of fruits; it is uni^ 
verfally known that fruits are gatheried from i 
great number of trees when they are very far froiifc 
being ripe and faccharine, that their maturation 
takes place only in the frnit-ho'ufes whe!*e they 
are kept, and require periods of longer or 
fliorter duratibn. This obiervation is efpecially 
applicable to apples and pears, though it may 
he extended to a great number of other fruits, 
Thefe bodies, at the time when they are gathered 
from the trees, have frequently only a^harffa, 
acerb, four and difagreeable tafte : this tafte ibon 
experiences certain modifications ; they become 
fweet, faccharine and agreeable ; and it is top 
evident to require a more profound difcuffion, 
that in this cafe the fruits experience, \n their 
pulp or parenchyma, an ihteftine chailgp which 
may be attributed to a real fermentation. 

'•■■■■- '•> ' - ; ■ ^ 7. The 



7» The (ame modificatiGn, though not pro- 
ceeding from the feme caufe, is remarked in fe-' 
vera! domeftic operations. Baking in wood- 
aflies or boilings in water gives many roots and 
fruits a faccharine tafte which they did not pre^ 
vioufly poffefs, and appears to develop in them 
this particular matter, by means of the change 
which the ftrong aftion of the fire has pro- 
duced in their principles. The cafe is the fame 
with the effedl produced by fome re-agents, efpe- 
cially by the powerful acids, infeveral infipid ve- 
getable fubftances, efpecially in tlie germeris and 
the amilaceous fecula. The muriatic acid gas, 
efpecially the oxigenated, freq[uently communi- 
cates to th^ir folution in water, together with a 
reddiih colour and the confidence of fyrup, a 
laccharine tafte, which announces the manifeft 
tranfition from the ftate of mucous matter ta 
that of faccharine fubftance. Laftly, fome- 
modern phyficians, Meffrs. Rollo and Cruik- 
ihank, think that this fame infipid and mucous 
fubftance iS'frequently converted into faccliarine 
matter in the human ftom^ch, when the digef^- 
tiv^ power or energy of its gaftric juice are di- 
minifhedj they even attribute to this impaired 
and faccharine dig^ftion the cauft? of a difeafe,, 
which appears to be more frequent in England 
tlian in France, called the Difibeies rneUitus,, 
on account of the faccharine tafte of the urin^- 
which is difcharged in great abundance by the 
patients afte6led with it. It is evident that in. 
tliis cafe, the confirmation of which muft be 

awaited 
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awaited from fubfequent obfervations, a real 
faccharine fermentation takes place in the fto- 
mach. Something fimilar takes place in the 
fiomach or the mufcular glands of females that 
fuckle their progeny. 



Article IV. 

Of the Vinous Fermentation and its ProduBs^ 

Wine and AlcohoL 

1 . VINOUS fermentation is the name given to 
that which Boerhaave called the fpirituous : the 
latter appellation was derived from that of fpirit 
of wine, which was given to the produft of the 
diftillation of wine ; but this laft, being the true 
produft of the fermentation in queftion, it is 
more natural and more accurate to call 
this fernlentation vinous, and particularly fince 
the denomination of fpirit of wine which was- 
formerly given to this liquid has been reje6ted. 
The hiftory of the vinous fermentation being 
one of the moft important and moft ufeful part» 
of veget9:ble chemiftry, ought to be treated with 
the greateft attention and in a fufficiently de- 
tailed manner to render it perfpicuous and com- 
plete. 1 therefore divide this article into fix 
paragraphs. The firft fhall treat of the definition 
arid the literary hiftory of the vinous fermenta- 
tion, the fecond of the conditions which it re- 
quires ; 
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quires ; the third of the phenomena which it 
prefents; the fourth of the immediate produfl: 
which it yields, or of wine ; the fifth of the re- 
;note or ultimate produft which is obtained 
from it, namely alcohol ; and the fixth ihall be 
devoted to the examinations of the caufes of 
the mechanifm of this fermentation and of the 
formation of alcohol. 



Section L 

Definition and Literary Hijiory of the Vinous 

Fermentation. 

2. I ^ AVE remarked that this fermentation is 
called vinous, becaufe its a6lual produ6l is wine ; 
and this is fo true that it is its confequence and 
neceflary effed. It ought not to be called fpi- 
rituous, not only becaufe the abfurd denomina- 
tion of yjb/nV of wine has been rcjefited, but be- 
caufe this is not its produ6l or immediate produc-^ 
tion: it has not therefore been called alcoholic 
fermentation, as it ought to have been, if this 
firft idea of its nature and its efFed had been 
adopted. 

' 3. Boerhaave was the firft chemift who en- 
deavoured to difFufe the lights of found natural 
philofophy over the nature of fermentation, and 
endeavoured to explain its caufe and pheno- 
mena. He has had the merit of renouncing the 

felfe 



falfe theories which had been fet up befbrer him 
concerning the nature of tiiix> mavement;. he 
perceived that th^ ftat^i of phyfids in bis time 
was not Efficiently advanced to afford a propel^ 
notion of its real caufe. The defefiive natun^ 
philo(bphy which prevailed for a long timd 
in the fchools in the explanation of oheintcal 
phenomena, attributed the vinoiis fermentation 
to the motion and reciprocal friftion of the par- 
ticles, and explained nothing by attempting to 
explain every thing. Becher had an idea much 
nearer to the truth, though ftill far from pre- 
cife and exaft, though at lead fufficiently inge* 
nious, M'hen he compared fermentation to a kind 
of combuftion. 

4. From Boerhaave to Rouelle and Macquer, 
nothing accurate was advanced refpe6ting tiie 
vinous fermentation, but its phenomena weue 
ftudied and better defcribed : the deficiencies of 
the hypothefis, which till then had been main- 
tained, were gradually perceived, and adopted 
with more or lefs ardour, or maintained with more 
or lels zeal. Macquer, without difcoveringany 
thing new refpe^ing the mechanifm of this 
fpontaneous commotion, coUefted in a more ac- 
curate manner than his predeceffors the totality 
of its phenomena; he has given fome exa6); ex- 
periments towards improving the fabrication and 
the nature of wines. 

5. Many philofophers and chemifts have fincc 
laboured upon the proceffes of the different 
kinds of viniiication^ upon tli^ difference 

of 
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or unities, upon the art of afcertaining their 
quality, of correfting their defefts, of obviating 
their depravations, of analyzing them, of im^ 
proving their ufeful properties, and of feparating 
their alcoholic produft. Amongft thefe authors 
we muft particularly diftinguilh Rozier, Maupin, 
Baum^, Bullion, to Avhom we owe a gr6at 
number of valuable obfervations and advantage- 
ous proceffes. 

6, Till the epocha of the difcovery of the de- 
compofition and nature of water, nothing was 
or could be done refpefiting the caufe and the 
mechanifm of the vinous fermentation. Since 
that epocha, one of the authors of this difcovery, 
the illuftrious Lavoifier, began by a fine courfe 
of experiments upon this inteftine coinmotion, 
to acquire a gliiUpfe of its fourcej its origin and 
the phenomena which give rife to it His re- 
fearches upon this part of thefcience, though ftill 
imperfefl, as he himfelf was aware, are among 
tlie fineft monuments that havQ been raifed 
to fcience, and are to .be reckoned amongft the 
chefs-d'oeuvre' of chemiftry that have rendered 
this age knd the French nation illuftrious. 

7. It has been, by the aid of the fir ft data of 
Lavoifier, lioth upon the-formatioa and the de- 
compoiitioti of alcohol, that a feries of impor- 
tant difcoveries have fince been taade relative to 
the aftion of this body, whether as a folvent, or 
a re-agent, or as a6ling by its intire mafs and in 
its perfeft integrity, or as becoming altered and 
decompofed. Thirty years had fcarcely elapfed . 

.:V0L.VIIL M from 
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from the period when the moft able chemifts, 
Rouelle, and Macquer,confidered,with juflice at 
that time, the vinous fermentation as one of the 
moft impenetrable myfteries of Nature, as a fort 
of fan6luary in which flie deeply concealed one of 
her fecrets, till the time when the fcience fuc- 
ceeded, almoft alt at onc^ in explaining this moft 
myfterious phenomenon, in refolving this in- 
tricate and difficult problem^ and ' reducing to 
iiimple laws this obfcure and till then unintelU* 
gible mechanifm, 

8. Since that time a multitude of truths, which 
had before been myfterious, reipefting the pro- 
perties of alcohol, its lightnefs> its^ inflamma- 
bility, its brilliant flame without fmoke, it» 
converfion into ether, in a word,. refpe6ting 
whatever had till then been the moft difficult 
and the leaft underftood in chemiftxy, becamd 
fimple fa6ls, phenomena eafy to be explah^d^ 
the precife refults of an acquired firft truth. The 
difcovery of Lavoifier fuddenly appeared as a 
pharos, which has illuminated a vaft trad eo* 
veloped before in darknefs, and has rendered 
this- branch of the fciences, though imperfeA 
and weak before his time, much more vigor 
rous and much more rapid in its progrefs than 
could have been hoped, All the details which, 
this article will comprehend, wiU demdnficaU 
the certainty of this propofition. 
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Section II. 

Conditions of the Vinou$ Fermentation^ 

9- THE conrlitions of the rinoiis fermenta-^ 
are the circitmftances rteceffary to its forma- 
on, and without which rt could not take place j 
hen once known, nothinjj; more is requifite 
"fcTiah to effeftuate their produdion and combina- 
"t:ion, in order to excite this movement; or oil 
tlie otlier hand, to deftroy them, or prevent 
tfteir taking place, in order to ftop the fermen-^ 
tation, to pfefent an obftacle to its development. 
Xt will foon appear that one or the other of 
thcfe circumftances is actually employed in order 
to iiKJdity, fupprefs, accelerate or retard, pro- 
niot^or impede the vinous fermentation, and 
thoi to give rife to more or left important dif- 
ferences in the wines. 

10. The f!rft indifpenfable condition is the 

prefence of faccharine matter. All the obfer- 

vatiohs combine to prove that this vegetable 

matter alone is capable of undergoing the vinous 

'crmentation, that without it we Ihould never 

btain wine, and that all the vegetable liquids 

hich contain it undergo this^fermentation more 

lefs eafily and powerfully. Accordingly all 

t juices of faccharine fruits, and efpecially 

juice of the fugar cane, that of the grape, 

M 2 of 
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of figs, of cherries, of plinns, of apricots, of 
apples and of pears, pais, M^hen all the other 
circumftances of Avhich I am about to fpeak 
are combined, into the vinous fermentatioOi 
however different in other refpe6ls they may 
be ; accordingly alfo the not-faccharine vege- 
table matters become fufccptible of affording 
wine only when, by the previous faccharinc 
fermentation, there has been produced in them 
a more or lefs coniiderable quantity of faccha- 
rine fubflance, as in barley, maize, &c. Fbr 
this reafon I have placed the faccharine in the 
firft rank amongfl the fermentations* 

1 1 • Sugar, however, whilfl infulated and pure, 
never undergoes the intefline movement which 
is to convert it into wine. Every one knows 
that whilfl foHd and cry flallized it is abfolutely 
unalterable, and remains in this ftate without 
undergoing any kind of change. Pure fyrup is 
in the fame predicament, and though water is 
one of the indifpenfable and neceflary condi* 
tions of the produ6iion of the vinous fenn^ata- 
tion, water and fugar, combined with each 
other, never prefent the phenomena which ac- 
company this movement, nor afford its produ& 
This is a fad at prefent well afcertained by ex* 
a6l experiments, and which refults particularly 
from thofe of the brothers Boucherie, who have 
made many important and accurate obfervations 
upon this matter in the fugar-refinery of Bcrcy^ 
near Paris. 

U. The 
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12. The proportion of water is one of the ef- 
fential conditions of the vinous- fermentation; 
in order to experience it, it is neceffary that the 
faccharine matter fliould be diffolved and fuffi- 
ciently liquid ; too much liquid however is detri- 
mental to it, and frequently caufes it to pals be- 
yond the term of this movement, by making it 
pais quickly into that which fuc«eeds it ; too 
much vifcidity is equally upfavourable to it, and 
prevents its taking place : * accordingly when 
the liquid deilined to form the wine is too thick, 
it is proper to add water to it; and when it is 
too fluid, fugar or any faccharine matter which 
gives it a ftronger confiftence is added, 

13. A fomewhat elevated temperature is alfo 
requifite for the produ6lion of this movement. 
The vinous fermentation never eftabliflies itfelf 
below 1 S degrees of Reaumur's thermometer ^ it 
begins at this temperature and proceeds rapidly 
at fixteen ; it is too rapid above twenty, and 
then requires to be conducted with caution and 
management in order to prevent its going be- 
yond the produ6lion of wine. When the climate 
or the feafon are too cold, artificial heat is ap« 
plied; in the oppofite circumftances the fer- 
menting matters muft be placed in the ihade 
and in lo^v fit nations. 

14* 1 have remarked that fugar and water alone 
can never undergo the vinous fermentation ; in 
£k€i:, it is effentially neceflary that fomie foreign 
matters ihould be added to them ; and this is 

what 
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what we fee in all the juices of fruits which are 
fubjefted to it They all contain, befides the 
fugar and water, mucilage, fecula, colouring 
matters, apids, acidules, and falts. This is the rea^r 
fon why even the pharmaceutical fyrups, whJsb 
fometimes contain a fmall proportion of fub- 
ilances foreign to the fugar apd water, ferment ; 
tut when, they are abundantly charged wiHx 
them, they pafs much more quickly into Ihia 
fermentation, and are moTc djfiicultto be kept 
. It appears that any matter, capable of dividing 
the faccharine Ijquid, is fufficient for afting ^ a 
ferment; and that it does not require to be of a 
particular-nature, or to have already undergoiie 
the vinous fermentation in order to communi-^ 
cate this movement. It is on this account that^ . 
befides the well known property of all the fac- 
charine and mixed vegetable liquors to experi- 
ence ^ tlie vinous fermentation fpontaneoufly, 
faliva, milk, and even fleih, are frequeiitly found 
to be capable of exciting and accelerating tjiis 
fermentation in the vegetable liquors. 

15. A larg^ rpaf?, a large volume, greatly fa- 
vour the prpfludion ^nd the energy of the vinous 
fermentation; in general, the larger the vats are 
in which wine is prepared, the better quality 
the wine is obfcrved to acquire ; a fmall quan- 
tity of faccharine liquor never experiences, 6v 
enters only with diliiculty into this kind oi 
fermentation, whereas it pafles very qi^ickly 
into the acid fermentation: we fliall foop fee 
vpou what this difference depends, 

16. The 



16, The c(mta6l of the air has beeu confidered 
hy altnoft all chemifts as one of the indifpen- 
fable conditions of the vinous fermentation ; it 
ferres however only as a refer voir or recipient 
into which the carbonic acid which is difengaged 
raifes itfelf. It is not by its peculiar chemical 
nature that the air is of utility; it does not enter 
as an element into the fermenting liquor: hence 
this fermentation takes place in clofe viefiii?ls, 
provided with tubes which condudl the gas that 
is difengaged into, a refervoir defiined for this 
purpofe, aj5 has been fhown by Lavoifier. But 
a£ l^e matter that ought to ferment be ftrongly 
<X>naprefled^ if, infteadofenjoying the free cen- 
tal of the air^ or having a tube to ferve a$ a 
eondu^tor for the gas, it is inciofed under co* 
vers which eirtir^y prevent the efcape of the 
€l^ic flMii4 ^^ fermentation, x^ only an im*f 
peife& %03ketitiiti<Mi talges place, becaaife; there is 
lliei:t)iK)^gpa£eous extrication* < 
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' ' PlienomenaiifthtJ^inous Fernitntation. 

17* AS :foon ^&^ fermentation etiabltihesr i^* 
ftlf ia a ^charine vegetable matter, diluted 
with trater, mixed with oiie or m6re qotliejr fub<^ 
fiances, and placed under ail the circumilaivces 
ot conditions neceflary to its exiftence, of which 

we 
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we have juft fpoken, its origin, its ftate and its 
termiuation take place in a feries of pheno- 
mena which not only belong peculiarly to 
it and chara61erize it, but alfo become to the 
obferver certain indications of its progrefs and 
its modifications. It is therefore of importance 
that we fhould accurately defcribe thefe pbeiioV 
mena, fince; befides the eftimable advantages 
which I have juft announced, they may atfo 
guide the philofopher in the-inveftigation of thcr. 
caufes of the vinous fermentation. 
- 18. This fermentation commences after fonoe 
hours or fome days, according to the elev^tioh^ 
af temperature to which the faccharine vegetable 
liquorsare expofed, or aiCcording to the quan- 
tity of thefe matters : it announces itfelf by a 
movement which agitate^ the -KquW, which 
fucceffively difplaces its iHaflesj whieli? tranf^ 
ports ^iin:tts continuity the* fetid fubftinbas^ the 
huiksy the ftalks, and the feeds, and moves- them 
in the liquid* The fermenting liquors become 
heated to eighteen or twenty degrees ; they be- 
come turbid; we fee in them, when the ope- 
ration is carried on. in a welHighted place, or 
in tranfparent veflels, as in" experiments upon a 
fmall fcale^^ ftreaks of an oily appearance,, which 
feem to have a tendency to feparate from the 
liquid, and to occupy : its. fuperior part ..We 
ihould be inclined to fay that the liquors divide 
themiqlijes into two diftinft fpecies, which fepat 
r^te from each othdf.: 

il9> Tfac^ 



19. The fermenting liquors increafe fenfibly 
in volume, and raife themfelyes in the vats ; 
they become co vere<J: with a fcum, fonietimes 
very, voluminous, which carries along' tpith it 
all the extraneous and folid bodies : this is what 
is called the head in the. vats in which the. 
wine is made*,. This fcum .is. produced, as well 
as the rrifing of the whole fermenting mafs, by 
thje difengagement of the carbonic acid gas, 
which however adheres for fome time to the ftill 
vifcid liquor, which attaches itfelf during 
Us difengagement to the folid matters mix^d 
\vith this liquor, and raifes them along with 
it,; which, foon becoming freCj ^ fills the upperi 
part of the vats^ and forms that atmofphere per-, 
niejoust. to thofe who tread the vintage withT 
out due^ precaution,; in .which Prieftley and 
Chaulp^$.,firfl ^made thi^ interefting experiments 
quoted upon a former occafion, the refult of 
whicli^is, that this gas is. of the fame nature as. 
th;it, which is obtained from chalk and the al« 
kalis by effervefcence,— -which is formed by the 
combuflion pf charcoal, -r-which fills the Grotto, 
del Cano,— and which mineralizes the acidulous 
waters, 0^ tl^at account c^lkdjpirituous waters t 
in ihort,:it is purp. carbonic. acid, carrying along, 
with it water, and even afmall quantity of wine 




2Q. The quantity J of carbonic acid gas dif- 
cngaged ;ia jthi$: gp^ratipn iS; very confiderabl^.j 
iXs difengagemeptj.QQmmeflc^ at, the momcp^ 
when the, vii\pus feimentJ»tio»,.eftabliftes itfelf. 

and 



and continues till the wine is entirely formed. 
In order that this liquor may be as ftrong and 
alcoliferous as poffible, this gas muft be fuf- 
fered to be entirely difengaged : when the wine 
is drawn off before its complete difengagement, 
fparkling wine (mnmottjfeux) as it is called, and 
fiich asi has not uridergohe its complete fermen- 
tion, is obtained.'* It is to a portion of wine ' 
in the fonn of vapour' which this gas carribs off 
in folution, efpecially at the end of its difen- 
gagement, that it owes the property which it 
j^oifelTes, of being converted into vinegar when 
it is diffolved itt' water, according to the^ inte- 
jefting obfervatibn of Citizen Chaptal: From 
this gas alfp proceed the a!fphixia to which 
perfbns are expofeii who defcend imprudcSntly, 
land" too deep intd'the vats to tread the'giaptis, 
Wie may aiccrtain the height 'to which it^^ 
vates itfelf by plunging lighted tapers iritd* the 
Tapper part of the Vats ; in defcending into' them 
the operator mull keep his hedd above this hfeigfit 
It will be feen hereafter that this abundant 
produdion of carbonic acid during fermenta-^ 
tioti is one of the circiraiftances from Avliicli 
Lavoifier has derived the nioft Ifght Mi his in- 
reftigation of the inechanifm of this bcanitifdl 
operations 

, 21. In proportion as all thefe phenomena take 
plticej the liquor, more and more fwblled, foam- 
*^^^> igitated, heated, even biffing in confe- 
qtierice of the' difengagement' 'of carbonic icid 
(on which accoutit it is faid tcir *boil), foon 

changes 



changes it« nature. From being mild and fiu> 
charine before, it now becomes acrid, pungent, 
;and hot ; from its former vifcid and glutinon$ 
tiate,; it pafles into a very liquid and light 
ilate; it diminiihes in volume, it cools, its 
fcum difappears ; the extraneons' fubftanee^ 
which had ^raifed themfelves to its furface pre- 
cipitate and are depofited at the bottom; the' . 
liquor clears, and the wine is made. It is then 
drawn off from the vats, and put into caflcs. 
After the wine, the carbonic acid runs off; 
it finks in the vat in proportion as the wine it- 
felf finks and yields its place to it. 

22. The vinous fermentations prefent a mul- 
titude, of varieties in the force, the rapidity, 
and the duration ^of the phenomena, whi6h have 
juft been defcribed, according to a great num- 
ber of different circumftances, m whicih the 
fermenting fubftances are fituate^h The nature 
dt the different vegetable juices, their more or 
lefs vifcid, thick and faccharine, or liquid 
and little faccharine fl:ate; the ripenefs of the 
fruit; the temperature, the place, the form of 
the veffels, the quantity of the liriiijd, tlie ad- 
mixture of extraneous bodies in greater or lefs 
abundance, fuch as the ftalks, the hiifks,, the 
feeds, all produce modifications which are con- 
fidered with great attention in the art of mak- 
ing wine, cyder, beer, the wine of the fugar- 
cane, &c. A ^^^. low degree of . temperature 
renders the fermentation languid; a too little 
faccharine liquor, fuch as is obtained from the 

unripe 
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unripe fruits in rainy feafons, affords a weak 
M^ine, ferments badly, and frequently turns 
four. This is correfted bj- evaporating , part of 
it, or by adding fome fugar to it, which it 
•wants; a too vifcid liquor requires the addi- 
tion of water. 



Section IV. 

Of the immediate ProduEt of the Vinous 
Fermentation^ or of JVine. 

23. IT cannot here be expefted that we ihould 
give a detailed hiftory of the art of making 
wines, or fhow in all their details the differences 
of the varied and multiplied fpecies of wines, 
defcribe their good and bad qualities, their- de- 
pravations or alterations, the means of cor* 
reding and preferving them. Thefe objedsi 
which are all of great importance, are not 
comprehended in the general theory of the 
fcience : they belong to its applications. I 
muft here treat of what may have a reference 
to them, only in a very curfory manner, and 
under the mpft general point of view. The 
knowledge of this immediate product of the 
vinous fermentation, and what may throw a 
light upon its analyfis and its compofition, bC'^- 
longs alone to the elements of the fcience. . I 
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ihall therefore fpeak of wine only with reference 
to its general differences, its analyfis, and its 
iifes. 

A, Of the principal Wines, 

24 Every one knows that no produft of 
the arts varies fo much as wine ; that every 
province in which the vine is cultivated has its 
particular wine, frequently diftinguifhable, and 
well charaderized by its tafte and its fmell; 
that the manner of making it contributes 
much to this, though in general we are more in- 
duced to attribute its differences to the foil 
and the cultivation than to the fabrication it- 
fclf; that it would be fuperfluous and even im- 
poffible to defignate, by a particular defcrip^ 
tion, the innumerable varieties which ^ this 
liquor prefects, even in the extent of the French 
Republic alone, of all the countries of the 
earth the mofl opulent in wines, and thofe of 
the befl kind. We can therefore here treat only 
of fome generalities, and of thofe which are 
the mofl important refpeding the differences of' 
wines from each other; and thofe efpecially 
which proceed from the different vegetables'^ 
with which they are prepared, will more par- 
ticularjy engage out attention on account of 
theif importance. ^ ' 

25. The beft and mofl admired wines 
arc thofe prepared from the juice of the 
grape. The prxjperty which this juice poffefTes 

of 
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of forming the bell wines that are known, doef 
not depend upon its containing the naoft of 
faccharine matter ; for in this point of view the 
fugar-cane oilght to afford it, but upon its 
principles being united together in fuch a man- 
ner, that there refults from them the moft ho- 
mogeneous, the moft uniform, and the rtioft 
agreeable combination that can cxift, that 
which is th^ moft univerfally pteafing to nmau-^ 
kind. Wines are diftinguifhed into . red and 
white: the firft colour proceeds from the w* 
cumftance "that the wines, having ftood in thtf 
vats for a' long time, have extrafted all the co^ 
louring matter of the hufks of the g^ape ; the 
lecoifed kind of wines are frequently prepared 
with coloured grapes, but the Hquofi is drawn 
off before it has acquired the tinge* Be-' 
fides the general circumftances of. the vinooii 
fermentation already mcntiofned, it is to be ob*» 
ferved, that each kind of grape has its owil 
peculiar manner of fermenti»g; that ils juico 
is fcparated when we wifli to plrcplre Gnt 
wii^e; that it is l6ft to work in the vats for a» 
longer or Ihorter fpace of ttme before it is put 
into cafks; that it ftill continues to ierment t» 
tliefe veffels, and to affume the (Quality of per* 
fe6l wine ; that it is fubjefil to a great number 
of modifications i that it depofits tartar; that 
its colourings matter feparates by degrees, and 
adheres to the fides of the veffck, or combines 
with the fugar ; that it kedps more or lefs ao- 
cording to its ftrength and cos>fiftence; t^t 

fometimes 
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foinetiqae^s, when, it is veiy generous/ ilmdjy 
be kept . [ for many y ears ; that i tiJ quality im^' 
proves; bjf! this keeping, as far as a^ certaia tern^ 
and that. . afterwards it deteriorates and loie$ 
continually, ' till its total decompofition. 

Q6. It will be of utility to give a general 
notion of the fpecific differences of wines. Fran<se 
produces a great number that are eiccellent, 
Thofe called Burgundy wines are the beft for 
geaerad ufe;' their principles are perfeftly com- 
biaedy and none of them predominates; they 
improve greatly in quality during fis; or eight 
ycacsy aifter. which they deteriorate, but Very 
flowly, and in geperal they keep very iwelK 
The Orkans wines, as they are called, have (|na^ 
lities v^ry fimilar to thofe of the Burgundy 
wines,! when time has diffipated their tastne% 
and intimately combined their principlesi 
The ^ red winisd of ( ei*'^d€V(mt ) Chmxpdignt 
are very delicate ; the whSte wine, which dde* 
not fparkle, iS; greatly i preferable to-- :thafc 
which idoe^ which is not fufficiently .imaf 
ture,^: hto no](f fufficiently fermehfed^i con?*^ 
tains litite' or no alcohol, . and : becott>eftvflad^ 
when^ it has loft its carbonic . acid..: The 
wines of fct^^^^;^/^ Lamguedoc and Griiyeiim^ 
are of a: deep colour,, and very tonicv efpeciaHy 
when they are oldi Tiwfc otj(ciydelmHt) An* 
jou mkfj very > ^pidtdou^ . ' anid foon ii^toxf cate^ 
The German wines, thofe of the Rhtn^ and the 
Mofene,:are whdte^and very feill of alcohol j^liey 
keep for a long tkne ; fom^ Italian^ wiixeSi tfaoik 
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of Orviette,^ of Vicenzra, the tachryma Chrifit^ 
are well fermented, and confiderably refembte 
the good wines of France. . Tliofe of Spain and 
Greece are in general dry, fweet, little fer- 
mented, and unwholefome, excepting thofe of 
Rota and Alicant, which are reckoned very 
ufeful cordials* The wines of the Cape of 
Good Hope are perhaps the firft and beft of all 
wines, 

27. Sour and harfli apples and peara con- 
tain a juice which ferments pretty well, and 
which affords cider and perry. W^hen cider 
is left lo ftand upon the lees it acquires ftrength; 
wjieu it is drawn off clear, the fineft cider is 
formed ; by adding to it frefli apple-juice fweet 
cider is made, which continues to ferment, 
^d contains much carbonic acid. ' This li- 
quor refembles wine in fome of its properties; 
it differs from it, however, by its containing 
lefs tartar and much faccharine mucous fub- 
ilance, which is eafily extracted from it by eva- 
poration. It is on that account that when 
cider is diflilled, without due precaution, an 
eshpyreumatic fpirit of bad quality is ob« 
tained. But a cautious diilillation,. in which 
care is taken not to burn the reiidiium, furniihes 
a very good brandy, according to the expe- 
riments of Citizen Darcet. It is known that the 
fweet apples afford only .ilat cider, which is 
very lubjeft to alteration. • 

28. Cherries alfo furniflij by fermentation, a 
ipecles of wine from which the kind of aqua^ 
-'. vit» 
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vitsB known by the name of Kirchenwajfer is 
cxtrafted .by didillation. Apricots, peaches, 
plums, alfo form wines which arc not deficient 
in quality when they are well prepared. The 
juice of figs, diluted with water, likewife af- 
fords a very ftrong and very generous wine, 
which however is not made, becaufe in the 
countries where figs abound they have, very 
good vines. The juice of feveral fpecies of the 
palm likewife ferments and affords a very intoxi- 
cating vinous liquor which is ufed in the Eaft. 
The juice of the fugar-cane, whilft ftill impure 
and diluted with water, undergoes a great fer- 
mentation, and affords a wine too ftrong and 
too acrid to be drank in this flate, but it fur* 
nifhes a very flrong fpirit, which in our 
colonies is called rum, taffia, or guildive. Thus 
we fee that the number of faccharine vegetable 
fubflances capable of forming wine is_ very 
confiderable; and every country may produce 
diflferent Avines^ according to the kinds of plants 
which its foil bears and ngurifhes. 

29. The feeds of the graminaceous plants, 
germinated and fteeped in water after their fer- 
mentation, afford vinous liquors more or lefs ea- 
fily and abundantly. Barley is principally em- 
ployed for this purpofe, though wc may alio 
ufe wheat, maize, and rye. Even rice affords 
in the Ea^ that kind of alcoholic liquor which 
is known by the name of arrack. The art of 
toeing confifts in the following proceffes: The 
barley is flceped for thirty or forty hours in 

Vol- VIII. N water 
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water in order to foften it ; this barley is Uid 
in a heap, and fufFered to germinate ; it is After- 
wards dried in the touraillCj or 0, {qmre fuvnace 
terminated by a tremie^ upon which the ger- 
minated barley is fpread out ; it is fifted iu oif- 
der to Separate the germs that have fprouted. 
out of the grains, and which are called tou- 
raillons ; it is ground into a farina called malt; 
this farina is dilated in the melhing tun with 
hot water, which diflblves^the facc^ariue mu- 
cilage: this folution is called the firft wort; 
it is poured again upon the malt after it has 
been heated, and tl>en it forms the fecond 
wort ; it is boiled for fome time, and put to 
ferment with hops and yeaft in a velfel called 
the fermenting back. When the fermentation has 
fubfided, it is agitated, or the beer is theu 
drawn off into cafks : the fecondary fermenta- 
tion, or that which fucceeds the fitft, raifes 
from it a fcum called yeaft (leviire)y which 
ferves to excite the fermentation of the decoc- 
tion of barley in the cuve guilloire. 



B. Of the Analifjk ^ Wine. 

30. However different the various fpecies of 
V'ine which I have mentioned may be, tlicy ne- 
verthelefs all refemblc each other in their general 
properties, and in the manner in which they com- 
port themfelves in the analyfis to which they are 
lubjefted. They are always liquors moi-c or left 

coloi^i^ed, 



eotoured, of a pungent and hot tafte, of a more or 
lefs aroniatic odour, whicB revive and invigorate 
in finall dofes, and in larger dofes produce that 
confufion, agitation, and uncertainty in the ideas 
and motions of animals which is called drun- 
kennefs* They all contain a common and 
identical principle, from which their fimilar ef- 
fe6fes proceed. ^ 

3L. In fa6i;, all wines equally afford, by the 
aftion of fire, that acrid and inflammable li- 
quor which is called brandy, and whiqh differs 
frorn them only by ita proportion, the facility 
or difficulty of its difengagement, and its par- 
ticular odour which ferves to diftinguifli the 
kind of wine which futnifhes it They alfo 
cHffer in the proportion of tartar, which they 
however all contain, or of which at leaft but 
very few of them are entirely deftitute;' they dif-* 
ftr alfo in the quantity and nature of the extrac- 
tive colouring parts; and fomie of them nre more 
or lefs abundantly charged with mucous mat- 
ter: it is this which efpeciallydiftinguifhes the 
wine of apples, of pears,. of cherries, of barley, 
or the. ciders and beers. 

32. Taking true, wine, or the wine of the 
grape, as the example, it is a compound of a 
large quantity of water, of a volatile ^d in- 
flammable matter, very analogous in its nature 
to alcohpl, though without being fuch, of tartar 
in different proportions, of an oxigenated ejc- 
traftiye colouring matter, and of a more or lefs 
confiderable proportion of vegetable acids. This* 
jcompound combines in all proportions with 

N S water, 
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water, though it is frequently lighter, and 
tends to fwim above it It unites without dc- 
compofition with many fubftances, and efpe- 
cially with fome metals which it attacks; and 
with^lmoft all the metallic oxides, as is proved 
by the pharmaceutical operations by which the 
antimoniated or emetic wine, and the ferrugi* 
nous or chalybeate wine are prepared." It dif- 
folves many vegetable fubftances, the mucilages, 
the extrafts, the colouring parts ; it is in this 
manner that the medicated wines are prepared, 
fuch as the fcillitic, the aftringent, the antif- 
corbutic, the laudanum of Sydenham. 

33. All the acids brighten the colour of wine, 
which is owing in part to the prefence of one of 
thefe bodies; the alkalis render it darker, and 
give it more or lefs of a violet caft. Alum is^fre- 
quently combined with it, in order to render it 
more durable: the prefence of this fait isdifco- 
V^red by the addition of alkalis, which feparate 
from it alumine of a violet colour, a kind of lake. 
Frequently alfo its fournefs is foftened with al- 
kali or chalk. This bafe is difcpvered in the (late 
of lime in its extra6l when burned. The moft 
dangerous combination which is made with wine, 
in oixler to render it mild, and give it a faccharine 
tafte, is that of the oxides of lead. This li- 
quor produces the painter's. colic, or the colic 
of Poiaou. The prefence of this metal may be 
afcertained by means of water charged with 
fulphutated hidrogen, which I firft propofed 
fifteen years ago, and is much preferable 

to 
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to the alkaline fulphurets, the efFeft of which 
i^ uncertain and deceptive, on account of the 
natural acids of the wines which precipitate 
them ; whereas the fulphurated hidrogen is pre- 
cipitated only by the metallic oxides. We may 
alfo convince ourfelves of the prefence of lead 
in a Hill more poiitive manner by heating the 
extraft of the wine ftrongly in a crucible, which 
produces globules of this metal. When we 
have to judge of a lithargyrated wine, as it is 
called} we ought not to content onrfelves with 
the precipitate which it forms witli fulphurated 
water; but we fhould treat its refiduum by fu- 
fion. The prefence of copper, the green oxide 
of which wine alfo diifolves very eafily and 
abundantly, is demonftrated by means of a bar 
of iron, which feparates from it the metallic 
copper with which this bar is foon covered. 

34. The moft frequent and the moft ufeful 
analyfis which is performed upon wine, confifts 
in treating it by ebullition in a diftilling appa- 
ratus. It then affords a liquid produft known 
by the name of Ar^wflfy. In the chemical la- 
boratories it is diftilled in an alembic of tinned 
copper, to which a receiver, is adapted, and 
care is taken to cool the capital by keeping it 
continually furrounded with cold water. As 
foon as the M^ine boils in the alembic, a wltlte, 
flightly opaque, and milky liquid, paffes over in 
uninterrupted drops very clofe to each other, 
of a pungent and hot tafte, of a ftrong and 
pleafant fmell, and inflammable : this is the 

brandy. 
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brandy. The operation is continued till this 
produft ceafes to be inflammable and pungent, 
and, till the period when nothing more than 
acidulous water is condenfed. If the opera- 
tion be continued," water charged with a little 
acetous acid is obtained. There remains in the 
diftilling veflel a liquor of a deep red colour, 
. which has no longer the tafte of wine, but 
which, on the contrary, is acid and auftere, turT 
bid ^nd entirely filled with cryffals of tartar, 
that feparate from it. This fluid is then en* 
tirely decompofed ; its original properties, can . 
no more be reflx>red to it; it has a four tafte. 
JBy evaporating it ftill more it is reduced to an 
extra6l of a brownifli red colour, which leaves 
much tartar after its difcoloration. 

35. The difl:iliatian of wine is performed upon 
a large fcale, in order to obtain the brandy, in 
the countries where this liquor, being very - 
abundant, is at the fame time very generous or 
very ftrong; efpecially iii feveral of the foutherri 
departments of the Republic, particularly in the 
departments belonging to what was formerly 
the province of Languedoc. This fine difco- 
very w^e owe to Arnaud de Villeneuve, a chemift 
of thofe countries, who lived in the thirteenth 
century. Formerly the wine was there diftilled 
or burned in an alembic of copper, furmounted 
with a long narrow cylindrical neck, terminat- 
ed in a hollow hemifphere in whickthe vapours ' 
were condenfed : this kind of capital had a 
beak or a tube of little width, which received 

tho 
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the liquor, and conduced it into a worm. The* 
fii'ft alteration which was made upon this appa- 
ratus was the diminntion of the length of the 
neck; afterwards the cucurbits were made 
wider, ihough it has long been ufual to contrafl; 
their upper part, and to terminate it by a neck, 
to which was foldered, at the top, a capital in 
the form of an inverted cone, having at its fu- 
perior part a linall beak, whicli conducted tlie va- 
pours through the worm inclofed in a tub. Thefe 
machines had a great many defefts by their coiv- 
ti'aftidn, which caufed much Vapour to fail 
back, — by the hefight of the cucurbit, which 
caufed the bottom of the wine to burn, — by 
the coiiftrudion of the furnaces which heated 
badly and unequally,, and by the form of the 
capital, which repels the vapour, and caufes 
that which i^ elevated to flow back. 

36. According to the laft method adopted by 
Citizen Chaptal, who has eftablilhed with great 
fagacity fome important chemical manufadtires 
at Mohtpeli^r, we ought to employ boilers of 
.greater width than height ; their bottom is prelT- 
ed inwards, in order that the fire may a6l equally, 
upon all points of the liquor ; they are but very 
little crontraftcd at the top, and only in order 
to receive ci wide capital furrounded with its re- 
frig^ra'tbry ; they are provided with a groovfe, 
or thannel, projefling- half a decimetre, and its 
fides inclined at an angle of fe^^erity-five degrees, 
becauie this inclination favours the flo^v^ing 
"d6Vrnof thecondeiifed bfandy ; the beak of this 

• • capital 
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capital is furrounded with a refrigeratory, frolni 
which the liquid inceifantly runs off and remains 
always cool : a cock fupercedes the neceflity of a 
worm in this apparatus ; and the operation pro- 
duces brandy in abundance : from about one fifth 
to one fourthof the weight of the wine is obtained. 
All the modern diftilleries are eftablifhed upon 
the fame principles, and they afford a produft of 
greater purity than was formerly obtained. 

ZT. The brandy, in the procefs that has juft 
been defcribed, is not difengaged from the wiuc 
till the moment when the fluid boils, and at the 
period when it is profoundly decompofed ; it is 
therefore evident that it is not intirely formed 
or contained in it, as it requires this confider* 
ably elevated temperature, not only in order to 
difengage it, but alfo to complete the combina' 
tion of its principles. In &61, wine treated in 
balneo marias affords only a little fragrant water 
but no alcohol ; and it is even in this manner 
that natural and pure wine is diftinguifhed from 
that which is artificially formed by a combina- 
tion of brandy and different ingredients, or 
.'from that to which this liquor has been added 
in order to increafe its ftrength, Thefe at the 
heat of the balneum maricB and without re- 
quiring to be boiled, give out the ready-formed 
brandy which has been added to them, 

38. It is efpecially by the different propor- 
tion of this produ£l, called fpirituous or alco- 
holic^ that wines differ moft from one another; 
much more is obtained from the wines of the 

foutherq 
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ibutliern department of the (ci-devant) Langue* 
doc, Guyenne and Rouflillon, than from tkofe of 
the central department, belonging to what were 
formerly called Burgundy and Champagne* The 
wine of the fugar-cane or of the highly (accfaa- 
rine juices afford a great abundance of it, and 
it is even particularly prepared for diftilling 
rum from it. A con&krable quantity is alfo 
obtained from good cider and even from Urong, 
beer, when^diiiilled with precaution : thefe 
brandies, are pretty good. The green and four 
wines, made in general with unripe grapes, af* 
.ford cmly a weak brandy dnd in fmall quantity. 
The fparkling wines, charged with carbonic acid, 
the fermentation of which has been flopped be- 
fore its completion, afford little or none. For 
the reft, many experiments are flill wanting in 
order to give us a thorough knowledge of the 
different fpecies of wine with refpe6i; to the 
brandy which they arc able to yield, and many 
attempts yet to be made ih 6rder to extra£i; it 
from fermentefcible vegetables that have either 
not been tried at all or only in an imperfed; manner* 
39. Frequently only the lees, formed of tartar 
and extra£live matter, depofited and impregnat- 
ed with vinous liquor, are diftilled in order to 
extra3; the brandy from tliem. Frequently alfb 
only the wines that are already changed, that 
Jiave begun to fpoil, to turn four, and are no 
longer fit to be drank, are diflilled. The lees 
are alfo nfed for obtaining pot-afh : after having 
^xtti&cd the brandy from them by diflillation, 
^ they 
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they are burned in the open air or in furnaces ; 
•ihetartarous acid is decomp(5fed ; thec^otebuftioh - 
or the incineration is Carried fo far las to burn all , 
the coal, and to reduce the aflies to the ftate of 
eauftic pot-afli and of carbonate of pot-afli. This 

-fort of alkali is known in the arts by the name 
of pearl-afli (cendres gravele^s). ' When ana* 

■Jyzed ^^ith attention, we ftnd in it, befides the 
eauftic pot-afh and tlie' carbonate of pot-^aih, a 
fmall quantity of fulphate of pot-afli, of fulphate 
of lime, of oxide of iron and of manganefe. 

•Thefe foUr fubftabces ar* all containetl in the 
w^nes, but they vary greatly in'theni with re- 
fpefl; to their quantity. There are fome pearl- 
afli which contain no metallic oxides, whilft 

'•othei-s contain only the two fulphates which 1 

*have mentioned. 

40. Brandy, which is fcarcely any thing elfe 
thati- water charged with alcohol, foon ceaEfes to 
be this fimple combination, on account of the 
proceifcs ^hich are employed for preferring it 

'As foon a^ it is obtained it is put into calks of 
frefli oak-wood ; the liquid a6ts very fpeedily 

"upon the wctod, afnd diffolves an iexti'adive,- co- 
louring tfftd i^^n6us 'matter, which gives itaii 

•gmber colour, a flight taft^, and an arortiatrc 

'^oijour, as wfeH as a kind of confiftencc fomc^- 

* 

"^wlmt uBftiiotis* or ftoonacebus; and the prchT 
pert^'of TonKing-a durabte froth tt \ti fur- 

tfee6 by agitatibn: this is what is called ?a 
cojhmc^ftegwhtg a dead. This colouritig mat- 

rter trf the biraudy grows deeper- by age; aird if h 

; . • • • - •• .» . . « • • • 
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by its Inlsenfity a$ wdl as by thai of the unSuouti 
q^iiality , tbi|.t >the ag§ pf'tli^ -brandy is judged 
of^ A« eki brandy^ is in.gtcat eftimationv i<i 
has been found very eafy to commumcatc 
i{)eedily to it the qualities which then chai'^fi^c* 
ize it, by^ throwing into thi$ , liquoi', recently 
prepared^ cl«ps of oak-wood, from whi<:;h it 
quickly tak^s up this colouring miattei' and tbi* 
un^uou^ jjxtraQive. It is likewife from this 
extraneous aiatter that the portion of fewtty 
coloured oi* reddifli, extraft proceeds, which 
Dubuiffoa has obtained from the refiduum of 
. ^brandy diftilled in large quant it i]es, 

V » ' ■ ■ ' ■ 

k\. The ufes of wines zx% fo univerfally dif- 
fufed, that it feems almoft fuperftuous to treat of 
them here in particular :* accordingly I fliall {t,y - 
but little concerning them under the relation of 
beverage. It is fufficiently known that thefe li-» 
quors, which to the greater part of mankind have 
^come an article of the firft neceflity, fuppoft 
tlie ftrength, increafe the tone of the fibres, and 
the mobility aiid contractile force of the mufcles j 
but that their abufe, to which men ate fo much 
inclined, produces great evils, and at length 
debilitates and even totally deftroys the powers 
of digeftion ; that it gives rife to lymphatic ac- 
cumulations, to obftru6lions and to dropfy. 
This remarkable effe6l of drunkennefs is par- 
ticularly known, the caufe of which has as yet 
2 been 
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Ii^en fo little explained, and which the, liquors 
produce, fometimes with extraordinary cele- 
rity. It is particularly to be obferved that 
this drunkennefs with wine is not the fame as 
that oc^cafioneld by opium, by the* tolium temu^ 
J^tumy by the poifonous plants in general, the 
datura Jiramonium^ the atropa mandragoraj 
henbanCy conium maculatitalum, folanum, &c« 
42. Wine is an excellent medicine for perfons 
who do not habitually make ufe of it; it is a 
tpnic, a ftomachic, a corroborant, a very pow- 
erful cordial. It is frequently employed as a 
vehicle or a recipient, for the preparation of a 
great number of pharmaceutical compounds. 
The abfurd pra6lice of making medicinal vege- 
tables ferment with the juice of the grape, with 
the intention of communicating to it the pro- 
perties of thofe plants by the fermentation itfetf, 
has long been laid afide ; it is now employed 
merely as a fol vent, and thofe fpecie« of wines 
are chofen that are beft adapted to the nature 
of the qualities of the compounds which are 
wiihed to be prepared with it. Wine is efpecially 
and exclufively appropriated to the extra6iion 
of brandy, and this to the diftillation of alcohol, 
the properties of which I am about to examine. 



Section 
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Section V. 

Of the remote Produ8 of the Vinous Fermenta- 

tioriy or of Alcohol. 

If ' 

A. Oflhe means of preparing it or extraSing it from 

Brandy, 

43. J CALL alcohol the remote produft of the 
vinous fermentation, becaufe it has been feen 
that it is not contained ready formed in wine, 
that it is obtained from it only by decompofing 
it by the heat of ebullition, and that it is 
really its remote produ6):, or the refult of a laft 
analyfis. This liquor is one of the fubftances 
moft ufeful to fociety- and to cheniiftry. Pre- 
vious to the eftablifhment of the pneumatic 
doftrine, chemifts had but a very imperfeft 
knowledge, and erroneous ideas concerning it. 
Since Lavoiiier we have had a much more 
, exa6l knowledge of it. ' 

44. Brandy, which, as we have ft*en, is obr 
tained by diftilling wine by naked fire, is a com- 
pound of alcohol, of water andof afmall portion 
of oily and extra6live matter, when it has re- 
mained for fome time in cafks. In order to fe- 
parate thefe fubftances and obtain the pure al- 
cohol, the adlion of fire and the procefs of diftil- 
lation are employed. ' There are feveral proCeffei? 

for 



for obtaining the alcohol. Some chemifts ad- 

vife to diftil the brandy in bahieo niariae a fuf- 

ficient number of times to extract from it all that 

it contains of this matter. They recommend 

to feparate the firft quarter of the produ6l of the 

firft diftillation, and likewife to fet apart the 

firft half of the produft of the fubfequent diftrl- 

lations, to mix together alt thefc firft products, 

and to reftify them by a gentle heat. The firft 

half of the liquor which paffes in this re^ification 

is the moft pure and moft penetrating alcohol; 

tha xeS^ is akohol of lefa a<5livity, but ftill very 

good for ordinary ufes- 

. ,45. Rouelle directed to extra^y by ^Jiftiltation 

in balnqo marise, the half of the brandy, eni-* 

ployed. Thi& firft produ6l is com nion alcohol; 

Ky reftifyiiTg it twice in fuccefiioo, and colled- 

ing only ^bout two thirds of this ftrft produd; 

we x)btaln ftronger alcohal, which is diftilled 
again with water, according .to the. procefs of 

Kunckel ; the water feparates the alcphol from 

the oil which altered it; this alcohol thusdiftilled 

with the water is reftlfied, and we ^e then fure 

of having it perfedly pure and as highly r^dlified 

as poffible. The refiduum of the diftille^ brandy 

is only water charged with extra6tive matter and 

a colouring refiu, covered alfo with a. coqciefci- 

ble kind of oil of wlvich I have already fpokcn. 

46. itjs eafily conceived that this fluid, ac- 

cprding to tlie different. proceffes which areepi^ 

ployed in preparing it, may have different degrees 

gf purity. Means have long been fought for 

/ determining 



deterflaining i1^ purity. It was at firft hclievecl 
th?it the alc<?hoV whiqh eafily takes.fire and leaves 
no refi^ui^m was very pure ; but itj is now knowa 
that the h^^X excited by its combuftion is fuffi- 
ciently ftiong to diffipate all the water which it 
may con tain. The teft of gun-powder has long 
be^ft employed. When the alcohol lighted in a 
fpoonupoftguii-powder.didnotiuftameit, it was 
qonfideredto be bad; if on the contrary it £et 
fire to it, it was fuppofed to be very good. This 
.teft however is faulty and deceptive ; for when 
much of the beft alcohol is put upon little gun- 
powder, the water which it furnifhes in itS: com* 
buftion ihoidbens the powder anditdo^a not in- 
f)iame; whereas it may be inflamed* by burning 
upon its furface a very finall quantity of alcohol 
charged wifth. waten This meamwas therefoFe 
npt.more certain; than the firft. - ; • 

47. Boerhaave has given. a very good' prooefe 
for afcertaining the purity of this fluid by the 
aid of fixed alkali. His method, if w? adapt it 
to the pi-efent ftate of the fcience, confitts in 
throwing into the alcohol dry pot-aih in powder. 
This Mt unites withthe£up.er^b'und»nt water of 
the alcohol^ and it forms, whilfl: it diffolves in 
it, a heavier and more highly coloured fluid, 
than the alcohol, which c^oes not mix with it 
but fwims at the top of ,it, , We fliall fee tl^t, in 
tjie. true .procefs of Boerbaayej ; the pure idp ohol 
diflblved a part of thepniie pot-afll exifting in ^ 
tfee. ordinary fitted ^Ikalj, 

.•;**..- 46. Several 
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, 48* Several philofophers, depending upon the 
circumftance that alcohol is lighter than water in 
a degree proportionate to its purity, have con* 
trived inftruments called areometers, by means 
df which we may determine with fufficient fex- 
adhiefs the degree of purity or lightneis of 
thefe fluids and of all volatile liquids. Thefe 
inftruments, immerfed in alcohol, fink in it the 
deeper the more highly this fluid is rectified; 
they ought to be conftrufted in fiich a manner 
as to indicate at the fame time the temperature 
of the liquor; otherwife they give only falfe 
notions of the weight of the alcohoL It is on 
this account that the areometer of Baume is( de- 
fe6live and not to be depended upon; tjbatof 
fiories is more advantageous, fince it indicatin. 
the temperature ; accordingly it isthat which 
isatprefent preferred by thedoalers in brandy 
and fpirituous liquors. 

B. Of the PhjifiealJ^ropcrtics of Aleohoh 

49. AtcoHOL well prepared and well re^ified is 
a tranfparent and very movable liquid, of a lively, 
penetrating and agreeable fmell, of a hot, pun- 
gent, fiimulating and acrid tafte, which feems 
even to burn the palate and the throat. -It pof* 
fefles the power of intoxicating in a much more 
energetic degree than wine. The caufe of this 
very remarkable property is not known. 

50. It is not enough to know that alcohol is 
lighter than water, it is neceflary that we ihould 

detennine 
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determine with accuracy the relation of this 
weight In the moft highly reftified alcohol, 
it is to that of water as 8,293 t;o 10,000. In 
tliat of commerce, it is as 8,371 to 10,000. In. 
the work oF Citizen Briflbn on fpecific gravities 
fifteen different weights are expreffed according 
to the proportions of alcohol and of water from 
I to 15 ; they are prefented in the following 
order, pure or diftilied water heing fuppofed 
10,000. 



Alcohol. 


Water. 


Sp. Gravity, 


Parts. 


Parts. 
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51. Alcohol is one of the moft volatile fub- 
ftances which chemiftry poffefles, and this pro* 
perty accords with its fingular lightnefs. It 
quickly evaporates in the air, which indeed 
unites its foivent property with the expan- 
fibility of this liquid. When we heat it even 
flightly in clofe veffels, it is elevated, and paifes 
without alteration into the receiver : it is by 
this means that it is rectified and feparatcd from 
the fmall quantity of water which it mighf con- 
tain. Accordingly the firft portions of this 
diftilled liquid are the moft pleafant, the moft 
aromatic and the pureft. It was formerly be* 
lieVed that, in the diftillation of alcohol, there 
was always difeugaged a larg^ quantity of air: 
it is now known that this is the moft volatile 
part which feparates from the ^ater and paiTes 
into the ftate of gas. It boils at 64 degrees, 
and is in violent ebullition at $8 of Reaumur. 
When kept in a clofe veifel immerfed in wa- 
ter 2X 72 degrees of temperature, it affumes 
the gafeous form and retains it as long as the 
temperature remains at that elevation. 

52. It i^ a much better conduftor of caloric 
than water, it is much more dilatable than the 
latter ; on which account it is employed in the 
conftruftion of thermometers : it is alfo a very 
good condu6tor of eledricity. 
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C. Of the Chemical Properties of Alcohol as folvent, 

and not decompofed. 

53. In the expofition of the numerous che- 
mical properties of alcohol, I have found it 
lifeful to diftinguifli thofe which it prefents in 
the integrity of its compofition, or the combi- 
natipns into which it entei-s intire ; frequently 
as a folvent, fometimes as c^iffolved, from thofe, 
or from the circumftances in which it is more 
or lefs altered and decompofed. Perhaps even 
this method might be adopted in the hiftory of 
all the compound bodies. To the firft properties' 
belong the combinations of this inflammable li- 
quid with the air, with fulphur, phofphorus, wa- 
ter, fome acids, the alkalis, a conliderable n amber 
of falts, and feveral metaHic fubftances. I ihaH 
here treat of each of them in feparate numbers^, 

54. Alcohol expofed to the air evaporates and 
ditTolves in it at a temperature of 10 degrees 
-f- ; it leaves no refiduum when it is highly 
reQ;ified, and only fome portions of water when 
it is lefs fo ; the more the temperature of the air 
is elevated, the more abundantly or fpeedily it 
diffolves in it; in proportion as this folution is 
effefted, cold is produced upon the fides of the 
Vefifels from which the alcohol cfcapes. This 
may be very fenfibly perceived by dipping the 
fingers in this liquid, and afterguards agitating 
them in the air ; it is not known whether it has 

OS more 
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more attraftion for the oxigeii than for tlie 
azotic gas. 

55. Alcohol has np aQion upon folkl or^pul- 
verized fulphur, neither at the common tempe- 
rature, nor at that which caufes it to boil. But 
when thefe two fubftances meet together in va- 
pour, they unite well with, each other, and there: 
refults from them a fetid fulphurated alcohol, 
whrch depofits a little fulphur, and becomes 
turbid in cooling, which is precipitated by wa- 
ter, and in which about a fixtieth part of fulphur 
is found; it dilfolves better the fulphurated 
hidrogen ga^i which colours it a little, and which 
is decompofed in this cfombination by thc- 
Conta6l of oxf^en gas, and all the oxigenated 
bodies, ftijl more quickly than when alone and 
in the flate of gas. Alcohol takes away the* 
fulphurated hidrpgea from waters which con* 
tain it, by the aid of diftillation, 

56. Alcohol alfo dilfolves a fmall quantity of 
phofphorus by heat. This fetid folution is pre- 
cipitated by the con ta6l of - water ; it is very. 
luminous when .it is agitated in the dark. At 
the moment when it is poured into water in the 
i]ight, brilliant luminous tufts exhale from its 
furface, and there is precipitated fjcom it an 
oxide of phofphorus in a white powder. Alco- 
hol appears to be alfo fufceptible of diffolvipg 
the phofphorated hidrogen gas. 

57. Alcohol unites with water in all pro- 
portions,, and. is perfectly foluble in it. This 
folution takes place with an extrication of heat, 

and 
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and it forms kinds of faftitious brandies, which 
are ftronger in proportion as they contain al- 
cohol in larger quantity. The affinity between 
thefe two fluids is fo great, that water is capable 
of feparating alcohol from feveral fubftances 
that are united with it, and that alcohol recipro- 
cally decompofes moft of the faline folutions, and 
precipitates the falts from them. It was on ac- 
count of this property that Boulduc propofed 
to employ alcohol for piecipitating the falts 
contained in mineral waters, and for obtaining 
them without alteration. It is employed jn a 
multitude of circumftances. As the combina- 
tion of alcohol and water takes place with a 
difengagement of caloric, this combination is 
more denfe thati the proportion of the two li- 
quids indicates by the calculation of their fpe- 
cific gravity. The alcohol is eafily feparated 
from water by diftillation ; it* pafTes firtt into 
vapour, and this is even, as I have already ob- 
ferved, a good means for feparating it from 
the oil which is combined with it in its ftate of 
brandy. 

58. Alcohol is capable of diflblving only 
.th6 weak acids, without experiencing altera- 
tion: it is in this manner that \iy the aid of 
heat, it diffolves the boracic acid, which gives 
it the property of bUrning with a green 
flame. It alfo diflblves the carbonic acid gas, 
which it condenfes and liquefies more than in 
the proportion of a volume equal to its own. 
It precipitates, on the contrary, the con- 
centrated 
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ccntrated phdfphoric acid, from water, in a mu- 
cous or almoft concrete form, a^ well as thofe metal* 
lie acids which are foluble in the aqueous liquid 
59. No earthy bafes are known that are fo* 
luble in alcohol, but the alkalis combine with 
it very. well. Pure or cauftic pot-afli and foda 
unite in^ a dire6l manner with alcohol, as is 
proved by the preparation that has long been 
known in pharmacy by the name of acrid tinc- 
ture of tartar. In order to prepare this medi- 
cine, the pot-afh was fufed in a crucible; it- 
was pulverized whilft quite hot, it was put int© 
a matrafs ; alcohol was poured to the height of 
three or four finger breadths above the alkali j 
the matrafs was clofed with another fmaller 
one ; they were luted together, and the whole 
digefted in the fand-bath till the alcohol had 
acquired a reddifh' colour. There remained 
more or lefs alkali at the bottom of the veffel. 
All that was carbonate of pot-afh did not dif- 
folve in it. 
' The too famous lilium of Paracelfiis differed 
from the acrid tinfture of tartar only by the 
circumftance that the fixed alkali, which was 
employed for preparing it, was reduced to the 
ftate of caufticity by the ftrong heat to which 
it was fubjefted. Equal parts of the three al- 
loys,, then called regulus of antimony, the mar- 
tial, the jovial, and that of Venus, were mixed 
together; they were reduced to powder, they 
were made to detonate with one and a half 
times their weight of nitre, and as much tartar; 

they 
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they were fufed, this mixture was pulverized, it 
was put into a matrafs, and well purified alcohol 
was poured upon it till it rofe three or four finger 
breadths above it This mixture, put to digcft 
upon a fand-bath, affumed a fine red colour, 
deeper than that of the acrid tinQiire of tartar^ 
and it prefented the fame phenomena. This 
latter might be prepared, in ti rely fimilar tp the 
UHum o^ Paracelfus, by digefting the alcohol 
upon'cauftic fixed alkali, inftead of employing 
fixed fait af tartar, which the action of the fire 
did not? intirely deprive of carbonic acid, un- 
lefs it was kept red hot for a long time. 

Citizen Berthollet has afcertained that thefe 
tinftures are only folutions of cauftic pot-afh in 
alcohol, and that they afford an ufeful means of 
obtaining this alkali very pure, by feparating it 
by evaporation. 

Alcohol has the fame aSion upon foda. By 
this folution we not only obtain 'very caufliq 
fixed alkalis, in a very pure ftate, (feparated from 
the filex, the alumine, and the neutral falts 
which are fo frequently united with it after 
treatment by lime) by rapidly evaporating their 
alcoholic folution in a filver velTel ; but alfo 
by expofing to the air and to flow refrigemtion 
their faturated folution, it yields cryftals of 
pot-afh and of foda in fine white plates, or in 
regular prifms grouped together. This is the 
procefs employed for obtaining thefe bafes, and 
the only one which gives them in the cryltalline 

Ammonia 
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Ammonia combines with alcohol with an 
extrication of heat ; it is feparated from it by 
the a6lion of fire, as the ammonia forms a 
permanent gas; but it retains in gafeous folu- 
lion a fmall quantity of alcohol, which mo- 
difies its fmell and its properties. 

60. Alcohol diffol ves fe veral faline fubftanceSb 
Macquer firft afcertained that the fulphates do 
not diffolve in it without difficulty ; that the 
nitrates and the muriates unite with it much 
better, and that in general alcohol diffplves the 
faline fubflances the better in proportion as their 
acid has lefs adhefion with them. 

Alcohol boiled, upon the fulphates of pot-aih 
and of foda diflblves no part of them« The 
carbonates of pot-afli and of foda do not unite 
with it; thefe falts, infoluble in alcohol^ arc 
even precipitated from water by this re-agent 
Mod of the ammoniacal falts diffolve in alcohol. 
The deliquefcent earthy falts efpecially, fuch 
as the calcareous and magnefian nitrates and 
muriates diffolve in it abundantly. Bergman 
has even advifed to employ it in order to feparate 
the deliquefcent fait from the others by a firft 
alcoholic lixiviation applied to the refidues of 
mineral water : this procefs may be employed to 
make fome falts cryftallize that are difficult to 
be obtained in their regular form. 

A great number of metallic falts are alfo very 
foluble in alcohol ; fuch are efpecially the red 
fuper-oxigenated fulphate of iron, or^that in 
the ftate of mother water^ the nitrate of cop* 

per, 
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per, the muriates of iron and of coj)per, the 
fuper-oxigenated muriate of mercury or corro^ 
Jive fublimate I all the cupreous falts give a 
very fine green colour to its flame. Since Mac- 
quer, Citizen Giiyton has given, ill the Journal 
de Phyfique, a more complete table of the de- 
grees of folubility of the falts by alcohol. 

61. Alcohol has no adion upon the metallic 
" matters^ nor upon their oxides at lead without 

being decompofed : we lliall find hereafter that 
it is frequently decompofed by the folutions 
of the metals in the acids ; but this kind of 
adlion does not belong to the part of its hiftory 
which we are now confidering, and it will be 
retraced in that in which we fhall have to treat 
of its decompofition. 

62. There are few vegetable matters upon 
which alcohol cannot exert a more or left 
marked aftion ; but it is more confiderable, ac- 
cording to the different nature of the imme- 
diate materials of the plants. 

MargrafF extraded, by means of alcohol, the 
faccharine matter of the beet-root, of fkirret, 
of parfnips, &c. Since that time it has been 
extraded by the fame procefs from the ftalks of 
maize, and from a great number of fruits. 

The extraftive matter diiTolves in it very well 
in general^ and the better the more it is oxi- 
genated. ^ conftantly gives the alcohol a 
fawn or reddifh colour. 

The vegetable fubftances which unite the beft 
with itlcohol, are the volatile oils, camphor, 

the 
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the refins, the balfams, and feveral colouring 
matters, 

§3. The improper name of diftilled fpirituous, 
water is given to alcohol, charged by diitilia^^ 
tion with a fmall quantity of volatile oil from 
the odorous vegetables: it has been thought 
that it United by this operation with a pariculai 
principle of odour, which was called JpirUus 
reQor^ or aroma. I fliall prove that it is a 
ftnall quantity "oi oil which it carries alo&g 
with it. 

in order to obtain thofe fluids^ called odorous 
/pirits, or diftilled fpirituous waters^ the alco»» 
hoi is diftilled in balneo marice ^ath odorous 
plants, or with their parts, chopped or pounded; 
This liquid carries off a porti£)n of their Vot» 
latile oil, and rifes with it ; accordingly it 
has the property of being precipitated* and 
becoming white with diftilled water; a portion 
of this oil, which renders it acrid, and at tbo 
fame time very fragrant, is feparated by rt6&^ 
fying it on the water-bath, with a very gen- 
tle heat, and taking care to 'draw off only 
three-fourths of the alcohol that has been em* 
ployed, in order that we may be furc to vola« 
trlize with it only the fmall quantity of 6il 
Avhich isfuflficient for giving it the odour. The 
fmall quantity which it then contains is fo* 
Juble in the water that is added to it, fo that no 
precipitation is now effedled by the addition of 
this liquid* Theie fragant alcohols acq^ii^ attiore 

3 . ^ > : agreeable 
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agreeable fcent in proportion as they grow older, 
and it appears that the oily and odorous prin- 
ciples combine more and more intimately with 
the alcohol. The vplatile oil has fo much at- 
trad;ion for alcohol, that the latter is capable 
of taking it away from water. In faQ;, when 
alcohol is diftilled upon water charged with the 
odour of a plant, the alcohol takes from it its 
fragrance, and leaves it entirely inodorous. A 
jproof of tjiis fimple theory is, that perfumed 
Jpirituous waters are made by diflblving fome 
drops of volatile oil in alcohol, and this is the 
operation pradifed both by the perfumers, and 
in the laboratories where compound liquors are 
prepared. 

64. We may charge a^lcohol with a much 
greater quantity of volatile oil' by diftillation ; 
it then, befides the odour, acquires an acrid and 
burning tafte ; water poured into it precipitate^f 
the oil from it abundantly in white and opaque 
globules ; but there remains, after this precipi- 
tation, the portion which the water can diffolve* 
fo that the liquor alwiys retains a ftrong odour. 
Iii general, the fmall quantity of volatile oil, 
which is futHcient for rendering* alcohol odorous, 
adheres to it with great force, and it cannot. 
be deprived of it by any known prpcefs. 

€5. Alcohol eafily diffolves camphor in 
the cold ; but it diffolves k larger quantity 
when affifted by heat This folution, whett 
well cfaargedi as with a quarter of its weight 
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pf camphor, mixed with water that is added to it 
by degrees and drop by drop, aftbrds a cryftalline 
vegetation, obferved by Romieu ; it is a pferpen- 
dicular filament upon which are implanted 
needles that elevate themfelves againft the fila- 
ment, at an angle of 60 degrees. This experi- 
ment fucceeds but very rarely, and requires 
great nicety with refpeft to the quantity of water, 
the refrigeration that is neceffary, &:c. Cam- 
phorated alcohol, united with a large quantity 
of water^ depofits the camphor in white concrete 
flakes, very pure and without alteration. 

66. All the refins are foluble by alcohol, but 
much lefs eafily and abundantly than the volatile 
oils. Thefe refinous folutions are thick, more 
or lefs tinged with a yellow, red or brown 
colour. Water decompofes them' immediately, 
and precipitates the refins from them in fine 
white, opaque or flightly coloured globules* 

The balfams diffolve in alcohol like the refins ; 
when they are precipitated from it by water, 
their benzoic acid remains in folution, aiid only 
their refinous part is depofited. .; . 

The gum- refins are only partially, foluble in 
alcohol; and chemifts have analyzed them by 
applying to them fucceffively this liquid and 
water. 

Several colouring parts, not only the refinous as 
has long been imagined, but alfo thcoxi^enated 
extractives, unite with alcohol, and colour it more 
or lefs ftrongly : we may alfo feparate them from 
it by water, but frequently they remain united, 

at 
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at leaft in part, with the mixture of thefe tvro 
liquids.. 

- 67* The names of tinBiires^ elixirs, balfams^ 
quinteffenceSy SiQ. have been given^to the com- 
pounds of oily or refinous juices and alcohol, 
when this is fufficiently charged with thefe fuV 
ftances to have a high colour and to be abun- 
dantly precipitated by water. Thefe pharma- 
ceutical preparations are, like the odorous aro- 
matic alcohols, either fimple when they contain 
only one matter in folution, or compound when 
they contain feveral at the fame time. Thefe 
medicines are in general prepared by expofing 
the juice in the ftate of powder, or the dried 
plant, the volatile oil of which is to be dilTolved, 
the refin, the balfam, or the colouring extraft, 
Xfy the action of the alcohol, which is aided by 
agitation and by the mild heat of the fun . or of 
a fan4 bath; When it is wiflied to extraft the 
refins of feveral plants or any kinds of vegetable 
fiibftatices at the feme time, care is taken firft 
to djgeft the matter that is the leaft fubjeft to 
be attacked by the alcohol, and to expofe fuc- 
ceffively to its adion the fubftances that are the 
moft foluble in it. When this folvent is as 
much charged as it can be, it is filtrated 
through paper ; fometimes a compound tinfture 
i5 made immediately, by mixing feveral fimple 
tindures together ; in this manner the Elixir 
jProprietatis\s prepared, by combining the tinc- 
tures of myjrh, of faffVon and of aloes. We may 
, feparate the refms and the balfams from the al- 
cohol 
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cohol by pouring water into the tinclurcs or by 
diftilling them ; but in ihefe two cafes the al- 
cohol retains a portion of volatile oil which has 
been called the aromatic principle of thefe fub- 
ftances. Water isc not capable of decompofiiig 
the tinftures formed ^ith what were called the 
extrado-refinous or the refino-extra6lives; that 
is to fay, the highly oxigenated extraftives, as 
we find in rhubarb, faffron, opium, gum-ammo- 
nia, &c. as thefe matters iare equally foluble in 
thefe two liquids. 

D. Of the Chemical Properties which Jlcohol prefentt 

whilfl it becomes decompofed. 

68. In a great number of chemical operations 
which are performed with alcohol, it comports 
itfelf in a very different manner from what has 
juft been faid ; it does not enter intire into the 
combinations: on the contrary, it is decom* 
pofed or modified more or lefs completely, fo far 
as to be reduced into its conftituent elemients 
feparated from each other : it is of this then I 
am now about "to treat. I refer the chemical 
properties which produce different degrees of dc- 
compofition in alcohol, to its treatment by a high 
temperature, its inflammation, its alteration by 
the acids, by the Oxides or by the metallic folu- 
tions : the examination of the phenomena which 
it prefents in each of tliefe circumftances, con-* 
ftitutes one of the moft important parts^of modern 
chemiftry. • - - ^ 

Q% When 
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6^. When alcohol is paffed through a red* 
hot tube oC porcelain, it is decompofed; wa- 
ter is obtained at the extremity, and the veffel , 
which rcceives its vapours has a burned or enir- 
pyreumatic odour; there is alfo difengaged a 
certain quantity of carbonated hidrogen gas and 
of carbonic acid gas. . Some chemifts affure us 
that in, this operation an ethereal produfl; is ob- 
tained, and in fa6l we can at leaft perceive a 
fragrant odour analogous to that of ether. There 
are alfo conftantly depofited upon the fides of 
the ball, fmall white and brilliant cryflals, which 
refemble benzoic acid, but which have been af- 
certained by Citizen Vauquelin to be a kind of 
concrete, volatile oil. The tube of porcelain, 
broken after the operation, prefents a vtry fine 
black foot upon its fides. This operation, which 
is very remarkable, has not yet. beeii perfonried 
Mrith futiicient care to enable us to d'efcribe all 
its circumftances with accuracy and to deter* 
mine its caufe with precifion. All that we fee 
IB a pofitive manner is that tliere is formed water 
and a little carbonic acid, that carbonated hi- 
drogen gas is feparated, and carbon is depofited. 
By inveftigating with accuracy the nature and 
the proportion of thefe produfts of the incan- 
defcence of alcohol, a refvdt will be obtained, of 
utility towards determining the nature and re- 
lative quantity of its primitive principles. 

70. Alcohol has long been known to be a very 

inflammable fubftanee : when heated in contafi; 

^ with the air, and efpecially when brought in to con- 

taa 
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ta6i: with a body in the (late of combuftion, with 
out being itfelf heated, or if ftruck by a ftrong 
eleftric fpark, it takes fire and burns with a very 
extenfive flame, which is very light, white 
in the middle, blue at its fides, .with a pretty 
ftrong heat and without leaving any refiduura. 
Chemifts have long fince remarked that it 
affords in its combuftion neither foot nor fmoke. 
Boerhaave, by prefenting a cold veiTel of por- 
celain to its flame had colleded pure water, 
without tafte or fmell, and in every refpe6l fimi* 
lar to difl:illed water ; he had even concluded 
from this phenomenon that flame is owing to 
water in the fl:ate of vapour. 

Lavoifier, by burning alcohol in a lamp placed 
under a receiver ^Ued with atmofpherical air, 
and communicating with another receiver 
filled with oxigen gas, fp that this fupplied the 
former with the oxigen requifite for the com- 
buftion, obtained from fixteen parts of alcohol 
thus burned, eighteen parts of water and of car- 
bonic acid. Citizen BerthoUet has alfo re- 
marked that when alcohol mixed with water 
was burned, the portion of the latter which 
remained after the combuftion precipitated lime- 
water ; and as we find here no other refults of 
this combuftion than water and carbonic acid, 
it is thence inferred that alcohol is formed of 
hidrogen, carbon and a certain proportion of 
oxigen, Theprefence and the quantity of the 
laft mentioned principle is judged of by the port 
tion of oxigen which it is neceffary to employ in 

order 
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order to favour the combuftion of the alcohol, 
C&mpared ^ith that of the water obtained. La- 
Voifier has concluded from his experiments, that 
alcohol is a kind of oxide, in which thehidrogen 
is more* abundant than in the fugar from which 
it has proceeded. . He has not however • beea 
able exa61^^1y to determine its proportions, fince 
in his table of the ]produ61:s of the vinous fermen^ 
tation, he admits more than the half of the al- 
cohol of water ready formed in this liquid, and 
he does not clearly explain himfelf refpefting 
the reciprocal ftate of the principles which con- 
ftitute it. Though ftill far from exa^i', his analyfis 
by combuftion is however fufficient to prove 
that the ancient notions refpefting the nature of 
alcohol are falfe, and that it is neceffary to revert 
to that which I have already given concerning 
its fiate of oxide. It is not therefore a combi- 
nation of a very attenuated oil, an acid and M^a- 
ter,a fort of acid foap, as Stahl and Boerhaave 
hud believed, nor, according to the opinion of 
Cartheufer and Macquer, a pure or fimple com- 
bination of water and of phlogijion or of hi- 
drogeu; for the pkjogijion of Stahl has been 
converted into hidrogen by moft of the modern 
chemifts, who continue to adopt its exiftence, 

71. Though I have indicated the pure alkalis 
as limply foluble in alcohol, this. fimple folutioti 
without alteration takes place only in the cold, 
or at a mild temperature ; foV when this folution 
' is ftrongly heated in a retort with a convenient 
2ipi>aratu$, we obtain produ^Ss whixdi* indicate 
Vqjl. VIIL P the 
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the decompofition of this inflammable fubftaiice: 
there paffes over firft an aleohol of an agreeable 
and aromatic fmell, a fort of oil, much hidrogen 
gas, and the pot-afli which remains is charged 
with carbon. Some chcniifts have afferted that 
atnmonia was difengaged in this operation, and 
they have feen in it, as in the diftillationof foap 
made by the fame elevated temperature, a proof 
of the prefence of azote in pot-alh. Others be- 
lieve that it is only a fmall quantity of pot-afli ' 
elevated with the volatile products which has 
produced the change in thFs experiment. Hence, 
it refults, that this operation is not yet well ^ 
known, and that if it proves in general the de- 
compofition of the alcohol, it cannot yet ferve 
for the determination of its principles, and ftill 
lefs of thofe of the pot-afli. 

72. All the powerful acids a6l upon alcohol 
in a more or lefs powerful manner, and affe6l its 
decompofition with different phenomena, ac- 
cording to their energy, their quantity, and the 
temperature to which their mixture is expofed. 
That which is of all the moft important to be ^ 
well known and its aQ;ion well determined, lince 
* it will ferve to explain that of all the others, is 
the concentrated fulphuric acid. 

When this acid is po\ircd upon alcohol, it firft 
finks to the bottom ; by agitation it mixes with 
it, producing heat and a hiffmg that proceeds 
from a difengagement of a portiqn of alcohol, 
already altered and aromatic, in the .ftate of va- 
pour; the mixture affumes a brown colour, and. 

kft 
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left ill this ftate it forms what was formerly called 
dulcified fulphuric acid, or watef^ ofRahei, w^hen 
a fourth of acid had been added to it. 

When we place the retort in which the mix-^ 
tute is generally made upon a bath of heated 
fand, and adapt two receivers tp it, the firft im- 
inerfed in a veflel filled with cold water or ice, 
we obtain fucceffively, 

a. An alcohol of an agreeable fmelL 

b. A liquid called ether, of a lively fniell, of 
extreme Volatility, the prefence of which is an- 
nounced by the ebullition of the liquet contained 
in the vetoit, and by large ftreaks that appear" 
on the vault of this veflel. Care is taken to 
cool the receiver with wet cloths. 

Ci After the ether, fulphureous acid pafles over, 
the white colour* and the fmell of which indicate 
that it is time to unlute the receiver, in ordei* 
to have the ether feparate. 

d. At the fame time there is volatilized a light, 
yellowifti oil, whicji is cdXXtd fweet oil of wine: 
The fire ought to be greatly moderated after the 
ether has pafled over, as the matter contained 
in the retort is black, thick and fwells confider- 
ably. 

e. When all the fweet oil is diftilled, there 
ftill pafles over fulphureous acid' which becomes 
more and more thick, and is at laft nothing 
more than black and impure fulphuric acid. 

f. It is accompanied with an odorous carbo- 
nated hidrogen gas and wfth carbonic acid gas. 

. P3 ^- It 
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g. It is to be obferved tjhat till concentrafed 
fulphuric acid paflCes over, water is conftamtly 
elevated at the ft.me time with all the oth^ 
produ(Sbs. 

b. When this operation is continued with a 
inild fire, the refiduum becomes at laft intirely 
dried? a<nd acquires the form and confiftence of 
a bitumen. An acid liquor and a fubftance dry 
and yellowifli like fulphur are obtained from this 
bitumen, by expofmg it to a very ftrong iSre. 
Citizen Baumc, who made a large feries of ex** 
periments upon the fulphuric ether, long before 
the eftabliHiiTient of the pneumatic doftfine, ex* 
^anined this refiduum with much^attention. He 
found in it fulphate of iron, Pruffian blue, a {aline 
fubftance and a particular earth, the njtture of 
Avhich he h^$ not determined ; he affures us even 
that the yellowiih fublimate which it aifords 19 
not fulphur, and that it remains white and pul-* 
yerulent without inflaming upon tli« coals. V 
ibaU add tothefe details, that the refuluum of th? 
ether, collected after the diftillation of this pro- 
duct, may again furnifli new ether if we add to 
it, according to the procefs of Citizen Cadet, a 
third of alcohol dephlegmated by means of pot- 
afli, and diftil this mixture* Thefe diftillations 
may be repeated feveval times, and thi^s m^ 
be.extrafted from a mixture, of fix parts of f<^ 
phuric acid'and of alcohol,, to \^hich fifteen parts. 
of the latter fluid are fuccefiively added> more 
than ten parts of v^tf good ether, 

1 73. The 
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7S. The oprcfratmti whkh I have jutf de- 
fcribed is cm^ of the tribft Angular Avhich che- 
miftry affords, by the phenotnena which it pte- 
fents, and at the fame time one of the moft 
important, by the light whrch it may throw upon 
the cbmpofition of ether. Several opimons have 
been advanced refpeding the forftiation of ether, 
of which fome acpount muft be given, in or- 
<Jer that it may be underftood in what manner 
Citizen VaiMjuelin and myfelf have arrived at^ 
the difcovery of the true caufe of etherification. 
Macquer, who confidered alcohol as a com- 
pound of water and of phlogijion, thought that 
Che fulphuric acid carried off the water from 
this fubftance, af«H>rought it more and more 
near to the chara6lers of oil. Thus, accordinsf to 
this opinion, Jhere firft pafled over alcohol little 
altered ; afterwards a fluid intermediate' between 

I alcohol and oil; This was the ether ; and 
finally a i-cal oil, becaufe the fulphuriip acid wa^ 
fuppqfed to a6l with the greater energy upon 
the principles of the alcohol, in proportion asf 
the heat employed for obtaining the ether was 
more intenfe. Bucquet, ftruck by an objeftion 
which he had ftarted againftr this theory, namely;, 
that it was difficult ta conceive how the ful- 
phurie acid, eharged from the commencement 
of its a6lion upon the alcohol with a certain 
quantity of M-ater which it had taken from 

. this fluidi could, although phlegmatic, re-a6l 
fufiSciently upon anothe^lpoition of the fame 
akohoKto j'editee it to the ftate of oil, has pro- 

pofed 
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pofed another opinion refpeding the produc- 
tion of ether. With Stahl and Boerhaave, he 
confidered alcohol as a fluid compofed of oilj of 
acid and of water. He thouo;ht that when ful- 
phuric acid was mixed with alcohol, there re- 
iulted from this mixture a fort of bituminous 
fluid, M'hich afforded the fame principles, by 
the action of heat, as all th^ bitumens ; that is 
to fay, a light, highly odorous, very combuf- 
tible oil, a kind of naphtha, which M'ias the 
ether, a fut)ftance that has long borne the name 
of naphtha^ amongft the German chemifts efpcr 
cially, and afterwards an oil lefs volatile, and 
more highly colotired than the firft, which was 
the fweet oil of wine. In fact, it will be feen 
from the properties of ether that are about tq 
be enunciated, that this fluid has air the cha- 
Vafters of a very attenuated oil, fuch as the 
naphtha: Imtthis theory, which fuppofes alcohol 
to be formed of oil, of acid, and of water, can 
no longer*" be admitted, though ingenious at 
the time when it was propofed, for the exn 
planatibn of the mechanifm of the formatioft 
of -ether. 

74. Modern chemifts, fince the eftablifli, 
ment of the pneumatic doctrine, have hitherto 
formed only vague ideas concerning etlierifica- 
tion. I had aflerted after them, in my preceding 
works, that it appeared, that the oxigen wa^ 
taken away fi'om the fulpuric acid by. the al- 
cohol, that a parto§the hidrpgen of the latr 
ter formed water with the oxigen of the ^cid, 

and 
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alid that the alcohol deprived of this portion of 

• hidrogen forin^ ether; but I had added, that' 
what took place in this operation was not exaftly 
known; and in fad, when Citizen Vaiiquelin 
and myfelf occupied ourfelves with this fubje6^, 
we arrived at other refiilts. The following is a 
fketch of our lalx)urs upon this fubjeft. 

75. After having previoufly proved, as I 
have ill own elfe where, that the concentrated 
fulphuric acid a6ts fpontaneoufly upon the ve- 
getable fubftances, changing them ^nto water 
and acetous acid at the expenfe of their* com- 
pounds, and exerting on its own part only its 

• great tendency to-faturate itfelf with water, we 
examined the phenomena which take place in 
the union of this acid with alcohol; and the 
.following are thofe which ferved as the bafis of 
our reafoning. 

A. Equal parts of concentrated fulphuric 
acid, and highly reCiificd alcohol, mixed toge- 
ther, difengage a mafs of caloric capable of 
elevating the temperature of the mixture, to 
feventy degrees; bubbles of gas are formed; 
the liquor becomes turbid, opaque, and affumes 
after fome days a deep red colour. 

. B, A combination of two parts of fulphuric 
acid, and one part of alcohd, elevates the tem- 
perature of the mixture to feventy-five degrees, 
becomes immediately of a deep red colour, paffes 
tq black fome days after, and diflufes an odour 
fenfibly ethereal. # 

C. If 
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C If we cari?fully obferve all that takes place 
- ia the combiuatipn of equal parts of fulphuriq 
9.cid and (^f alcohpl^ expofed to th^ allien pf 
caloric m a convenient apparatus^ fuch as is at 
prefent employed for preparing the ether we re- 
mark the following phenomena : 

a. When the temperature is elevated to fe-r 
ventj-eight degrees, the liquor enters into ebul-r 
litioa; a vapour is produced, which is condenfed 

* by the cold into a clear, light, and odorous, li- 
quid, whicl^ on account of thefe properties, has 
received ths name of ether. When the opera- 
tion is fkilfully conducted, no permanent gas 
is developed till about half the alcohol is coii' 
verted into ether. ' . 

b. If, as foon as the fulphureous acid mani- 
fefts itfelf, we change the receiver, it is obferv^d 
that no more ether is formed, but fweet oil of 
wine, water, acetous acid, and not an atom of 
carbonic acid. 

^ When the fulphuric acid /orms about four- 
fifths of the mafs that remains in the retort, an 
inflammable gas is difengaged, which has ^ 
fmell of ether, .and which burns with a whit? 
oily flame. It is this gas which the Dutch che- 
mifts have called carbonated hidrogen gas, or 
olefying gas, becaufe when mixed with the oxi-^ 
genated muriatic acid it forms oil. At this pe- 
riod the temperature of the master contained 
in the retort is elevated to eighty-eight or ninety 
decrees. 

c. When 



e, Wheo the f^reeii oU of \rine ceafes to run, 
if w^ change the receiver again^ we fee that 
there n^w p^ffes oven oflly fulphureous gas, wa-» 
ter previoufly ft>Biaed^ carbonic acid gas,, and 
that there remains ia. tM retort -oialy a mafs, 
the greater part of whichi h fulphuric acid 
thickened by coal. 

From thefe phenomtna, which: are very con-: 
^aut, and/ have b^CB wdl objferved^ wc may 
draw the following' refults : 

a. There is formed fpontaneottfly, without 
the aid of adventitious heat, by the combinatioa 
of two parts, of fulphuric acid, and one parto^ 
alcohol, a fnaall quantity of ether. 

b. As foon as ether is formed, and at the 
fame time water i& produced, and whilft the 
firftof thefiecompofitions takes place, the ful- 
phuric acid undergoes, no cliaug*e in. ita inti^ 
mate nature, 

c. As foon as the fulphureous acid appeatrs^ no 
more ether is formed, or at leaft very little ; but 
there then paffes fweet oil of wine,^ water, and 
acetous acid. 

d. When the fweet oil of' wine has ceafed to 
pafs, nothing more is obtained than fulphureous 
acid, carbonic acid, and finally fulphur, if we 
diftil it to the end. 

Theoperation of making ether, as it is prad;ifed, 
is therefore really divided into three epochas: 
tjie firft, iu which a fmali quantity of ether and 
pf water aj'e formed without the aid of an ad- 
ventitious 
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ventitious heat, namely, betvvreen fevcuty wd 
feventy-two degrees ; the fecond, by which the 
whole quantity of ether which is obtained is dif- 
engaged without being accompanied by ful- 
phureous acid, at feventy-eight degrees bf tem- 
perature; finally, the third, m which the fweet 
oil of wine, .^the olefying gas, the acetous acid, 
the fulphureoiis acid, and the carbonic acid, 
are produced, whilft the mixture is elevated 
from eighty-eight to ninety degrees of tern*' 
perature hv heat communicated to it Thefe 
three periods^ have nothing in common with 
each other, except a continual formation of 
water from the beginning to the end of the 
operation. 

Refting upon thefe well-confirmed obferva-r 
tions, we have eftablifhed the theory of etlieri- 
fication in the followmg manner: In the cafe 
where the ether is formed by the fimple mixture 
of alcohol and of fulphuric acid, without the aid 
of adventitious heat, a formation which is an-- 
nounced by the heat as well as by the black 
precipitate, the carbon which is feparated with- 
out produftion of fulphirreous acid, proves 
that the fulphuric acid acls upon the alcohol in 
a very different manner from what has hitherto 
been believed. In fa6l, tliis acid cannot be 
decompofed at this temperature by the carbon; 
experience has fliown that no aftion takes place 
in the cold between thefe tvro bodies. Neither 
is the entire alcohol decompofed ; for then ful- 

phureou^ 
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phureous acid would be formed, of which U 
i^ known, that no trace appears at. the begins 
ning of the operation, 

. ^We muft therefore havis recourfe to an a^ion 
of another order ; namely, the powerful affinity 
which fulphuric acid exerts upon water; it is 
* this which determines the union o^the conftU 
tuent principles of the water exiftiug in the aU 
cohoi, with which this acid is in contaft ; but 
this action is limited : there is foon eftabliflied 
an equilibrium of affinities, the -effe6l of which 
is to maintain the new combinatioiis in a ftat^ 
of repofe. 

If it be proved that ether is formed by the mix-* 
ture of any given quanti4:ies of fulphuric acid 
and alcohol, it evidently follows that we might 
completely change a mafs of alcohol into ether, 
water, and vegetable acid, by fufficiently ele-r 
yating the fum of the fulphuric acid ; and it 
is equally evident that this acid would experi-» 
^pce no other alteration than that of being di- 
luted with water. 

It ought not to be inferred from this theory, 
that the ether is only the alcohol, minus the ox^ 
igen, and hidrogen ; for there is feparated'at the 
fame time a quantity, of carbon proportionally 
larger than that of the hidrogen; and it is eafily 
conceived that the oxigen, which combines 
in this circumftancq with the hidrogen to form 
the water, did not faturate only this hidrogen 
\n the alcohol, but that it at the fame time fa-*- 
(urated i<i it the carbon that is precipitated: 

thus, 
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thus, infiead of confideriug the ether » ako- 
hoi minud liie hidrogen and 6xigen; ve ought, 
taking account of the carbon that is precipita^ 
ted, and of the fmall quantity of hidrOgdn con* 
tained in the water that is formed, to confider 
it as alcohol, plus hidrogen and oxigen. Such 
is the theofjT of what pafles in the fpontaneous 
a&iori between die fulphuric acid and alcohol 
without J:he addition of extraneous heat 

When the mixture of fulphuric acid and al- 
cohol is fubjeded to the a6lion of heat, the 
mode of the etherification h more complicated 
and its refults more numerous. 

Firft, we muft obferve that this mixture, in 
equal proportions, does not enter into ebulli- 
tion below the temperature of feventy feight de- 
grees, whereas alcohol alone boils at fixty-four 
degrees ; whence it is to be concluded that the 
alcohol is retained by the attrafition of the ful- 
phuric acid which fixes it. We muft compare 
what then takes place in it with what hap- 
pens to every other vegetable matter expofed to 
the fire, the principles of which are volatilized 
according to the order of their affinity for calo- 
ric, carrying along with them a fmall quantity 
of the more fixed elements : thuSj in proportion 
as the fulphuric acid attra6ts the alcohol and the 
water, the formation of whicli it favours, the 
ether, which is developed attrafts the caloric 
and is volatilized, and when the greater part of 
the alcohol has been changed i»to ether, the 
mixture becomes more denfe; the heat which it 

acquires 
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acquires is more confiderable, and the affinity 
of the Tulphuric acid for the alcohol not yet 
decompofed being augmented, the principles of 
this acid fbparate ; fo that, on the one hand, its 
oxigen feizes the hidrogen of the alcohol, and 
forms water, which is gradually volatilized, 
wbiliiy on the otherj the ether retaining a larger 
quantity of carbon witfe which it can be volati- 
lized at this temperature, gives rife to th» Jiveet 
oil of mne, which ought to be confidered as an 
ether more highly charged with carbon, which 
is proved by its fuperior weight, its lefs con- 
fiderable voktilityj. and its yellow colour. 

With the aid of this fimple theory, which is 
only the refult of the fa6ls, we have been led to 
conclufions ufeful to the chemical and pharma- 
ceutical 'art, of whidi the following is a flcetch. 
a. The formation of ^ther is not to be attri-^ 
buted, as had hitherto been thought, to the 
iinmciCate aftion of the principles 'of theful- 
phuric acid upon thofe of the alcohol, but to a 
real re-a6lion of the elements of the latter upon 
eftch other, andi particularly of its oxigen andt 
hidrogen, occafioned only by the fulphuric acid* 
^. We inight, ftridlly fpeaking, change any 
given quantity of alcohol into ether, without the 
wi of heat, by fuffkiently augmenting thepro^ 
portion of fulphuric acid. 

c. The ordinary operation is divided rnto two 
principal periods with refpdft t© th^ alteration of 
tiie alcohol; ia one of ^^hielj. nothtiig eih is 

fcffme<^ 
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folTiied than ether and water, in the oth^r fweel 
oil of wine, water, and acetous acid; 

dL^During the.' formation of the ethef, the 
lulphuric jacid is not deconipofed, and the fwcef 
oil of wine is 'not formed; as foon as this ap- 
pears, no more ether, or at leaft bat very little, 
is difengagfed, ^nd at the fame time the fulphu-* 
ric acid is decompdfcd by the hidrogen alone: 
hence refults the fulphureous acid. 

e. We may avoid the formation of the fweet 
oil of wine by maintaining the temperature be-j 
tween feventy-five and feventy-eight degrees^ 
by means of a well-conduSed addition of fame 
drpps of water in the retort. 

J\ Finally, alcohol differs from ether by its 
containing more carbon and lefs hidrogen and 
oxigen ; and the fweet oil of wine ftands nearly 
in the fame relation to ether as the alcohol does 
to it. ' 

76. The ether obtained by the proCefs that 
has; been defcribed, and which is called Julphu^ 
ric ether, is not, very pure ; it is combined with 
alcohol and with fulphureous acid. In otdet to 
reftify it, it is diftilled in a retort on the fand^- 
bath with fixed alkali or with maffnefia. Either 
of thefe bafes combines with the fulphureous 
acid, and the ether paffes off very pure by the 
gentleft heat. If we feparate the firft half of 
this produft, we obtain the moft agreeable and 
the beft redified ether. 

Ether is a lighter fluid than alcohol, of a 
ftrong, aromatic, and very diffufible fmell, of 

a hot 
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a hot and pungent tafte. It is fo volatile that 
on pouring it out or agitating it, it is inftanta- 
neoufly diffipated. It produces fuch a degree 
of cold in its evaporation, that we may congeal 
water in a veffel, by wrapping it round with 
cloths, and evaporating ether upon theni It is 
reduced into a fort of ethereal sas which burns^ 
with rapidity. The air that holds ether in folution 
may pafs through water without ceafing to be 
inflammable and odorous. This kind of com- 
buftible gas is employed for eledrical experi- 
ments and for charging Volta's cannon. 
. Ether inflames very eafily when it is heated in 
the free air, or when an inflamed body is brought 
into conta6l with it ; the ele^^ric fpark likewife 
kindles it It emits a white and very luminous 
flame, and it leaves a black, feemingly coaly 
mark^upon the furface of the bodies which we 
expofe to its. flame. Lavoifier has afcertained 
that acid is formed during the combuftion of 
this liquor, and Scheele, that the refidue of 
ether, burned upon a fmall quantity of water, 
contains fulphuric acid. 

Ether diflblves in ten parts of water, accord* 
ing to Citizen Lauraguais. The phenomena 
which ether would prefent Mdth all the faline 
fubflances have not yet been examined- in de-^ 
tail; w€ are only well acquainted with the adion 
of fome of the acids upon this inflammable li- 
quid. Lime and the fixed alkalis do not ap* 
pear to be fufceptible of altering it. Cauftic am- 

2 monia 
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inotiia mixes with it in all proportiotts, and form* 
with it a fubftance, the mixed <xlour of which 
might be-very ufeful in faintings and fpafinodic 
affeftions. The fulphuric acid becomes ftrongly 
heated with ether, and it may convert a con- 
fiderable part of it into fweet oil of wine by dif- 
tillation. The fuming nitrous acid excites in it 
a confiderable efFervefcence; and the ether ap- 
pears to become more confiftent, more coloured, 
and more oily in this experiment. 

Mixed Avith the muriatic folution of gold, it 
retains a part of this metal for fome time, and 
feems then to aft like the volatile oils, which 
likewife retain a portion of oxide of gold ; but 
at the end of fomt) days the gold feparates in 
the brilliant, metallic, duftile, and cryftallirie 
form. 

Ether diffolves the volatile oils and the refins 
like alcohol ; and phyficians. frequently employ 
etherated tin6lurcs. It diffolves the foftened 
caoutchouc well, if previoufly fwelled in boil- 
ing water, and cut into fmall fragments. Thw 
folution, as it evaporates, leaves a layer of pure 
and elaftic caoutchouc upon tlie bodies oii which 
it has been fpread. 

T?/. The nitric acid, and efpecTally the nitrous 
acid, aft: in a much more rapid manner than the 
fulphuric upon i^ftified alcohol: here, inHead 
of promoting the re-a^ion hf heat, every 
attempt is made to moderate it, either by 
diluting the t>yo liquids-, or by eocdirig th^k 

mixture. 

Navier, 
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Navier, a pliy fician at Ghalonsi is the firft who' 
has given aii eafy and moderately expenfi ve pi*o^ 
cefs for preparirtg the nitrous ethen According 
to this chemift, we take a very firong Sivres or 
ftone-bottie, pour into it twelve parts of pure and 
well-reftified alcohol^ and immerfe it in cold- 
water) or, which is ftill better, into ice ; then 
add at different times, fliaking the mixture 
each time, eight parts of concentrated nitric- 
acid, but in part nitrous; the bottle is to be well 
clofed with a good cork, tied over with lea- 
ther; this mixture is left to ftand in a remote- 
place, in order to prevent the accidents which 
fometimes arife from the^ breaking of the bottles. 
After fome hours,* bubbles rife from the bottom 
of the veffel, and drops coUeft at the furface of 
the liquof which gradually form a flratuili of 
ffeal cfther: This difengagemeiit takes placeF 
during four pi* fix days. When no motion is any 
longer obferved iii the liquid, the ftopper is per- 
forati?d^ with a bodkin, in order to let a certain 
quantity of nitrous gas efcape, which, ' without 
this pracautiofi^ would iflue out with rapidity in^ 
ttiicorkirig the bottle^ and carry with it theethei* 
wl(ich'"^uld be* loft Wheti the gas is diffipa-^ 
tudi the bottle is gently Uncorked ; the liquor 
which- it contains is poured iiita a funnel ; thd 
i^fiduufn is feparated, by preffure of the-finger, 
ft^HA the ether. Which fwims- above it, and' thcf 
Is(tt6r is' received into afepamtte bbttl(*. 

7&d Mr. WoUlfe, art Englifli chemift; has given 
lyaothef prodeft ^r pri^aring Uii^ lUtriceth^r: 

Vol. VIIL Q It 
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It confifts in employing very large veffels, in 
order to prefent a large fpace to the elaftic fluids 
which are difengaged. We take a matrafs of 
white glafs, from pight to ten litres, terminated 
by a neck about two metres and a half in length; 
tliis is placed upon a three-legged fupport, fuffi- 
ciently high for a chafing-difli to be placed be-* 
neath it ; to the neck of this matrafs a tubulated 
capital h fitted, to the beak of Avhich a tube of 
glafs is adapted, of equal length with the neck 
of the matrafs : this laft is received by its lower 
extremity into an adopter with two necks, 
perforated below with a tubulure to which a 
bottle is fixed ; to the third neck of this veffel 
are added the bottles which conftitute Woulfe's 
apparatus that has been already feveral times^ 
defcribed. When all thefe veflels arc well luted, 
equal parts of redified alcohol and of fuming 
nitrous acid are poured into the matrafs by tlic 
tubulure of the capital ; the capital is then 
clofed with a glafs ftopper which is fecured 
with a leather bound round with packthread. As 
foon as the mixture is made it becomes . much 
heated ; vapours are difengaged from it> which 
rapidly pafs through the neck of the matrais; 
and the latter being heated till the liquor which 
it contains boils, with the aid of the chafing* 
dilJi placed under it, nitric ether pafles- into the 
matrafs which ferves as the receiver. This pro- 
cefs, though very ingenious, has feveral incon- 
veniences; it requires a confiderable time to 
fix the. apparatus,, which is very dear and 

very 
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very embarraiTmg^;. beficlts which, it is attended 
with danger; for,Tiotwithftandiri^ the fpace givSeh' 
to the vapours,' they are difengaged \V^ij:h fuch 
rapidity, that tht apparatus frequently br^jlk^ 
with a loud explofion. In fiveoperationst>f this- 
nature which I havewitiiefledor;afl5{ted ill, from 
1772 to 1778, Ih^-vetwicefeenthereffelta fly itt 
picixs with a violent explofion. .'•'•• ' * 

■ -79. Mr Bogues publilhed, in 1773, anothiet^' 
n>ethqdt)f preparing the nitric ether- ' He advift^ 
to mix in a glafs retort, of a capacity to contain? 
S. kilogrammes (about 30lbs.) .of water, half aki-, 
logvaitim€:Of alcohol, with the ;fan7e' quBntity:tstf . 
nit^^ip .Sicid, diluted f6 ^ to gi v^ionly 24 degrees by 
their areometer for tjle acids.; to adapt to the re- 
tort a matrafs c[ap.aWe of containing twelve kilo- 
granimes of water; tp^j^ffprd a.paffagfc to the gas 
by adjuffjng:two quijllf^' tO:the jun6lion of the 
lutes, jand to diflilwith^a. v^ry gentle fire, im- 
merfing oply a vf ry /npia^ part of the retort iu 
th^ faiid*. By I tl^isf.pjeithpd 4ie has obtained a 
little, more l^han : a thirdj ;of the weight of the al- 
cohol of futBciently pure nitric ether. It ap- 
pears frpm* what- Rozier fays in his Journal de 
Phyfique, thjit.Mitpu^rd employed, fince 1770, 
a.p.fopefs much refembhng that of Mr. Bogues. 
Thischeniift put if our parts of fuming fpirit of 
nitre with twelve parts of alcohol to diftil in a le- 
torty which ;he.fufFered to reft but very lightly 
upon the fan]d,. and by this means^ which appears 
tobp the.m^ft.fimpleof all, he obtained nitric 
ether finailar to that pfNavien 
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80. Finally Citizen lu^planche^ apothecary: at 
Pa^js^ h^ fuQceffively contrived two metliQclff 
fpr preparing the nitric ether by fiifficiently 
Qpnyenient proceffes. Thefirft canfifts.in put* 
t^t>g nitre into a tubulated retart: of ftone-\varc, 
tp whidi r$^ adapted either one larga mat rafe. or 
tw><5P»ineQ:?ditogether, and pouring through 
the tubulure firft. concentrated^ fiilphuric acid; 
aqd aftgr,\Kar.ds : alcohoL . The fulphuric acid 
difiyagagesi the nitric, which re-aSfi^. upon the 
alcohol^ ancl forms almoft -immediately tiitric 
ether. As it might be ful\>eQ;€d that the ether 
prepared :by-. this 'pp^cefs was* in^ part • fiilphuriCi* 
he has ijubftituted in'l^aa of tliis firfttinethod'b* 
fecond -very ingeniouS'-prG^efil • ^ He adapts 'to* it- 
tubulated 'glaf$ retort, i»t6-'irhioh he has- put 
well dried nitre^ an adopterand^a matra&'whi^h:. 
communicates by afcnrVed-^ube^^rith ah- empty 
bottle ; the- latter cjomnHvAicatfeaby the'aid of ^a 
fyphon, into another b(5)«ttle \vhich contains s3m 
coholof the moft perfect kiiid^to the amount of 
half the weight ' of the nifrej * • The whole being 
well luted, and thc^ retort placed upon a bath'bf 
aibes, concentrated fulphuric acid, alfo'totibc: 
amount of half th« weight of the nitre,^ is pouted' 
upon, tl^ nitre through :the^tftbulure of this^ lift 
veffei; the retort is clofed " with a glifs ftopper; 
the fire is applied till ebulKtionjs produced, and* 
in • thi^ ftatC' it is kept* till no more'Vftpourspafr 
over. In this experiment,* the ftrlphtiTic aciddii* 
engages- that of' the nitre,- part of H^hich-paffft^ 
into the matrafs and part* into thie-fteond flaffc.^ 

When 



When the operation is completed, the matrafs 
> contaitis fuming nitrdtis Ja.cid, the rdtbrt fulph^te 
of pot-afli, atid the fecond flafk a liquor, ether- 
ated by the aftion of the vapour of the nitric 
aicid upon the alcohol. This laft liquor is diftilled 
in a retort with afimple receiver, and only two 
thirds of the produft are taken. This produ^ 
is again diftilled with a fifth of fuming nitrous 
acid which is gradua;lly poured upon it by 
means of a glafs funnel with a long pipe ; 
only two thirds of it are taken; finally, ihis^ 
fecotidprcdufii is reftified upon pot-afli, dividing 
the produfl; of the ethereal liquor into two 
•parts; the firft is very pure nitric ether, the.fe^ 
'cond fotms a kind of anodyne nitrous mineral 
liquor. The refidues of the two redlifi cations 
fbrm what was formerly called dulcified Jpirit <pf 
nitre. 

81. The nitric ether obtained by all thefe dif* 
fercfnt proceffes is a yeillowifh fluid, equally vota*- 
tilc, a;nd equally evaporable with the fulp^uric 
€ther ; its fmell is fimilar to tha;t of the latter, 
though ftroBger and lefs agreeable; its tafte is 
hot and more difagreeable than that of the ful- 
phuric ether ; it is frequently of a yellow colour ; 
it caufes the ftoppers of the bottles in which it 
is inclofed to fly out, bccaufe a large quantity 
of gas is continually difengaged from it; it 
■conftantly gives a red and ydlow tinge to the 
linen of the corks with which it is comprefled; 
it diffufes whilft burning a more brilliant flame 
aad a thicker itnoke than the fulphuric ether ; 
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it alfo leaves a coal fomewhat more abundant ; 
like the fulphuric ether, it feparates gold from 
its folution and becomes charged with a certain 
quantity of it. When it is kept for a long time 
in a clofe veffel, water containing a fniall quanr 
tity of oxalic acid is formed at the bottom of this 
ether: it is rendered colourlefs by diftilling it from 
the alkalis;, fugar has fucceeded with Citizen 
Deyeux iiv efFe6ling this purification, and this 
body retained a burning acrid oil which he lie* 
lieves to be analogous to the fweet oil of wine; 
and formed during the diftillatiou of the ether; 
he adds that it is produced more fpeedily by the 
aclipn of the nitric acid than by that of the ful- 
phuric, and that it is difengaged at the fame 
time with the ether, which is the caufe of its 
colour : he has alfo found that by niixing 
fixteen parts of water with one part of nitric 
ether, in a bottle provided witb a tube, the nitric 
gas which it contains is feparated from it by a 
fpontaneous efFervefcence, and that, when once 
deprived of this gas, the nitric ether may be 
kept like the fulphuric, without breaking the 
veffels in which it is inclofed. It is in this 
manner that he prefcribes it to be redified by 
means of fugar, and deprived of gas by means 
of water, for medicinal ufe* 

82. The refiduum of nitric ether is -of a 
yellow colour ; its fmeil is acid and aromatic; 
its tafte pungent and refembling that of diftilled 
vinegar. When diftilled it affords, according to 
Citizen Baume, a clear liquor, of a more plear 

fant 
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fant fmell than the nitric ether, of an agreeable 
a:cid tafte, which reddens the fyrup of violets, 
unites with water in all proportions, and effer- 
vefces with the carbonate of pot-afh : this is 
acetous acid mixed Avith a little ether. There 
afterwards remains in the retort a matter of an 
amber-yellow colour, friable, refembling amber, 
attrafting the humidity of the atmofphere, and 
acquiring a. pitchy confiftence, and diffolw 
ing in water without rendering it mucilaginous. 
This fubftance, which Citizen Baum6 calk /Zr- 
ponaceous gum^ affords by the retort fome drops 
of an acidulous liquor, which is very clear, of 
in oily confidence and a flight empyreumatic 
fmelL After the diftillation a coal remains 
•^Vhich isfpongy, brilliant, without taftfe, and very 
fixed in the fife. Bucquet fays that if we eva^ 
porate the liquor which remains after the forma^ 
tion of the nitric ether, it affumes the confifti 
ence of a mucilage, and that there are formed 
in it after a longer or lliorter fpace of time, 
ialine cryftals, much refembling hairy cater- 
pillars, which have been cMed Hicerne's cr^als^ 
after the name of the chemift who firft defcribed 
them; it is now known, according to the expe- 
riments of Mr. Hermfl;aedt, that they are oxalic 
acid. It is evident, according to all thefe de- 
tails, to which we mav add that carlx)nic acid 
gas paffes over during the whole of the action 
of the nitric acid upon the alcohol, that this 
aSion does not differ from that *of the ful- 
phuric acid, except in the circumftance that the 

carbon 
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carbon which is precipitated by the latter is 
cliflblved and burned in the axigen of the former; 
that oil is formed more quicjcly and ppiore abun-- 
dantly; that the etherification proc^^ds from 
the fame caufe, j^nd that oxalic and acetous acids 
are formed at ;the f^me time' with the ether, the 
oil, the water and the carbonic ^cid. The ra?- 
pidity of this decompofitiou, and thegafes which 
are difengaged whilft it takes place, render the 
etherification -by the oitrie acid much more tu-» 
multuous than that by the fulphuric, and thi$ 
is the caufe why it is fo frequently accompanied 
with explofion, and the burfting of the apparatufti 
when it is mad^ with a too highly ccmcentrated 
acid 

83, The muriatic acid has no fenfibljs adi,o{i 
upon alcohol ; this acid is dulcifiod, either by 
the fimple admixture of that liquid, or by didiU 
lation with it, as the two others are when Hiixed 
in fmall quantity \vqth alcohol .Citizen BauRii^, 
\n his differtatiou upon ether, fays he has pl>» 
tained a fmall quantity of muriatic ether by 
caufing the muriatic acid and alcohol to meet ia 
vapour. Ludolf and Pott have employed the 
fuper-oxigenatcd and fublimed' muriate of anti-^ 
mony, or the butter of antimony^ with this view, 
Mr. de Bormes has prefcribed to diffolve oxide of 
yinc in muriatic acid, and to diftil this fait con- 
centrated *by evaporation in clofe veff^ls with 
alcohol This procefs affords muriatic ether 
with fufficient facility. 

But 



Jtut ifcQioae, rpreviomi to tbc chemical revolu- 
Jion, hftd /alloAKed i^ this work with fo much 
^ttentiati ras Couajtanvaux, of the Academy of 
^ciefices ; he^fucceeded in preparing the muria- 
tie eth^ by the following procefs.: One part of 
alcpho'^, /with n6ai:ly thr^peirte of fupe r-oxige- 
gjBnatjed muriate of tip, or the fuming Uquor 
<>f I-i!b$.viug, 9,re poured into a glafe retort; a 
yery violjeiit he^^t is excited, ajid a white fuffo^ 
(C»,ting Jiquojr rife$, which difappeai^ as foon as 
the liquor is agitated ; an agreeable frftell is thca 
difeng^ed, aiid this liquor affumes a yellow co^ 
Jp^r* The retort is placed upon a .bath of hot 
iftpd ; two matraffes are luted to it, the laft of 
^vhich is immerfed in cold water. Firft dephleg- 
mated alcohol paflfes oyer, and the ether rifes 
foon after : this is perceived by its agreeable 
fmell, and by the flreaks which it forms upom 
the roof of the retort As foon as this fmeU 
changes, and becomes ftrong and fufibcat*- 
ing, the recover is changed, and the diilillib- 
tion is continued; a clear apid liquor is ob- 
tained, with fome drops of fweet oil fwhnmin^ 
upon it, which is fucceedea by a yellow matter 
of a butyraceous confiftence, a real muriate of 
tin, and at laft a brown, heavy liquor, which 
exhales white vapours in gcpat abundance : 
there rem^ios in the retort a grey pulverulent 
matter, which is an oxide of tin. The ethe- 
real produfil is poured into a retort upon car^ 
bonate of pot-aili ; a lively effervefcence takes 
pUoe, aud a very abundajxt precipitate is formed^ 

which 
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•which • proceeds from the oxide of tin which 
the acid had carried away with it during the 
diftillation : a fmall quantity of water is added, 
and diftillation is performed Avith a gentle beat ; 
about the half of this ethereal produQ; is ob- 
tained. All the liquors which pafe after the mu- 
riatic ether are highly charged with oxide of 
tin ; they attra6l the moifture of the air, they 
unite with water without forming any precipi- 
tate. It was not known to what we ought to 
attribute the very rapid action of the muriate acid 
contained in the fuming liquor of Libavius 
upon the alcohol, whilft the pure acid exerted 
no aftion at all upon it ; but it is evident that 
this aftion is owing to the circumftance that 
this acid is in the ftate of oxigenated muriatic 
acid in this metallic muriate, arid that it is to 
the excefs of the oxigen that we ought to at- 
tribute the property w^hich it poffeffcs of con- 
verting the alcohol into ether. Such is the 
thieory which was firft advanced by me in 1781, 
and which has been confirmed by the labours of 
Citizens BerthoUet and Pelletier, as I fliall pro- 
ceed to fliow. 

84. Citizen Laplanche has propofed, for pre- 
paring the muriatic ether, to pour into a tubulat- 
ed retort fulphuric acid and alcohol upon'decre- 
pitated muriate of foda. The muriatic acid 
gas, difengaged by the fulphuric acid, meets in 
the receiver with the alcohol in vapour, and 
Xiombines with it. He aflures us that there re- 
fults an etherated acid, which is reftified upon 

pot-aflij 
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f ot-afb, in order to obtain the pure ether from 
it; bu^' it is probable; that if a little ether i« 
formed in this procefs, it proceeds only from 
a fmall portion of oxigenated muriatic acid 
formed in the operation. Pelletier has fucceeded 
in producing muriatic ether by diftilling ina large 
tubulated retort oxide of manganefe, muriate of 
foda, concentrated fulphuric acid, and refiified 
alcohol. The ether, which is obtained by this 
procefs, forms half the weight of the alcohol 
that has been employed* Citizen Berthollet has 
difcoyered that the fame ejhereal liquor is ob- 
tained by diftilling with a mild heat alcohol fd- 
turated with oxigenated mijiriatic acid gas ; and 
it has fmce been obtained by diililling upon 
the oxide of manganefe a mixture of highly 
leftilied alcohol and well concentrated muriatic 
acid. Every thing proves therefore, that the 
etherification proceeds from the oxigen added 
to the muriatic acid 

. The muriatic ether is very tranfparent an<J 
very volatile; it has nearly the fame colour 
as the fulphuric ; it burns like it, and emit^ 
fimilar fumes, but it differs from it by two pro^ 
peities; the one that it exhaleu, in burning, a 
pUilgent fiaell as flrong as the fulphure;ou5 
acid ; the other, that it has aftyptic tafte fimilar 
:to that of alum, Thefe two phenomena are un- 
doubtedly owing to fome foreign bodies which 
it contains ; for every thing indicates that ether 
is in itfelf an identic fubftance, a •opnilant 
produ6i of the decompofition of the alcohol^ 
}?y whatever acid, and even by whatever re-agent 

it 
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it bas ^bcen formed ; fot 'we Ihall foon fee that 
the a^ion of an acid is BOt indifpenfably ne* 
ceflary to its prodoaion. . ' ' 

85. It has been of^en tried to prbdace -etfheri 
with thephofphoric, the tartarous,&a acid*; but 
all tliefe attempts have been fruitlcfe, iiecairfe 
thefe. dcids have too little attraaioti for water 
to fevour its produflion by the decompofition 
of the alcohol, as the fulphtwic acid doefr^ or 
have too ftrong an adheiion with oxigen to 
fuffer this principle to ftrze upon thofc of the 
alcohol^ or are too ealily ^decompofed Ifcem*^ 
felves by the temperature at which the etliers we 
generally prepared, to be able to re-aftupon the 
alcohol, and ^ffe6t its etherificatioh. Befides 
which, whenchemifts endeavoured with a fort -of 
obilinacy to form ethew with every acid, 'either 
new, or that had not yet been examined as to 
its adtion upon alcohol, it was the general opi- 
nion that each ether was different from all the 
reft; but it is now known, that excepting the 
admixture of a fmall ijuantity of the acid em- 
ployed, ether is the fame body by whatfevet 
acid it may have been formed. 

86. Alcohol is decompofcd by thofe me- 
tallic oxides which moft cafily relinquiih 
their oxigen, and it ev'^en fometimes paffes 
by the a^ion of heat into the date of va- 
pour in this decompofition, as Cititen Van- 
mons has difcovered. We here fee the fame 
faft, and confequently the fame theory as in the 
aftion of the nitric and of the oxigenated mu- 
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riatic acid upon alcohol. We obtain the fame 
refult, and even a much more ftriking eiFe6t^ 
by the double decompofing attra6lion which 
the. metallic folutiona exert upon alcohol, when , 
it is diflUled *ith thefe bodies. By diftilling; 
thefc mixtures,, ve obtain proportions of ether 
fo much the larger'as the foliitibns" are- more- 
concentrated, and as*^ the' metallic oxideff^ which 
they contain more eafily relinquifli their oxigen; 
li, is efpecially with the niti-ates of mercury, of 
filver, of lead, and^ with the fuper-^Kigenated 
metallic muriate, that thefe efiPe^Uare themollr 
energetic. ■'''.'■ /'"''',' 

8.7. Finally, the d^'compofition' of alc^of 
by its' iiiflammatioh'is mbdified in a jnordorlefli 
rcpiark*iblc, manner in the colbiirs" of tlie flatra? 
which it affords; by a gieat nuTnberof'btttBes 
wbicli it holils iU folution, or w^rch^SCTe mixM 
with it, and thbiigU the real caufe of thefe mddf- 
ficationsare not yet known, they arfein themK 
felves fufficieutt'y llriking and frngitlartb de-' 
fer.ve at lead to be caiefully defcribed.' Thiil^ 
theboracip a,ci(l g^v-es to thecblburof thfi^tflc^ 
of alcohol a Veniarkable' yellbwifli-gffeeH ba'ft'J* 
the lo'lUtiie, ifalts'bf^ftrontian, apui^ie'VoloUf/ 
tftofe^oft'Wi^s; a w^t^i^ d6ep.yen6T^;'*tiiAi^"«i'f 
irbii, ligh'i'reas:' and."^fh61e of cijpjjfi", ;8t^eli^' 
greeni .veiy'idififereni'fe-om"t1ie!'U'nge''t>ro4uteti* 
%-Mtiofa^cacir'-'^^^'= ^''■^.^'■^^'^^■'^ ''^: 
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88. TuouGH chemiiU have for, ipme ^ime l>c^■. 
licved- that the alt;ohql. extra6ierf from difr 
fer^irt fermented •liq.vers.i^'as different; though 
they- have efpecially/diftinguiiiiciJ the' branaies 
of wipe, that of beer, caIM mall fpifita^ the 
alcohol of .cherries, ^defigpatetV ty. the name of 
JtirtA^viK^^r ; ; the . bjfandyi o^ cider;' rum, 
or,the brautly ot' the fagaf.-caqejarracA, or 
tlie brandy of rice ; yet it is M'EfU' known. at pre- 
lefit,thata^^ thefe prodii^^S:are one ajid 'tfie fame, 
giiijr^p^',, identical *propenics,". ahci'.'pixten^ing,. 
ftS^(^y„tjljt; fame chemical [jlicnoinena. , ,, ' '_ '*"|' 
.^f,[jiuwever, t'oi" domeCiic ijuipofes, .for. the 
ij^s-pf.tbe art?, and efpecially for tTic 5eUcaqy' 
of-flur .organs, .it, js indifpeiifabiv; neceflary to 
admjt.the diftinftion pf thc.fpcqics of which t 
havejuft fjjokcn, iiiice thci'r d/ftcrriit tait^.^tlieiit, 
VeTy-diverfificd .inilat^niability, iiglitueu, aiii 
XolyepE.propcrtifB, render each of thcin' iifePul' 
in^-Hifrereiit citcuinrtknces, ' I3ut theEt'"'': 
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catioaidppejid unicli fpurcupon t!ic m^njier iq^ 

wJu^^^jthe^^bj^Ve begp .|)^^^^ 

fgiv^pracai^tipuV that!ha,Ye, cteen''t^^ ■■• '^-=- 
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In order to tbnvinceourielves. ,.,... ^ 

ficient to obferve, that the 'brandy cxtiaciea 
from wines is not the fame in its tafte, its fmeli 
and its ftrcDgtb, m the different countries where 
.it 
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it IS prepared, though the primitive liquor 
which furniflies it be identical, becaufe its 
diflillation is conducted in a different niannen 
Still more muft this happen with fermented li- 
quors, charged with much extraftive and muci- 
laginous matter, fuch as the beers and the 
ciders, which, when they are ftrongly heated, 
as is done in mod diililleries, become thick, burn 
or char at the bottom of the alembics, and thus 
afford acrid, odorous, empyreumatic brandies, 
as they carry along wjth them a pprtion of oil 
in the diflillation. It is known with what energy 
alcohol retains the fmall (quantity , of oil, capa- 
ble of giving it firong fmells, and ja trifle foreign. 
to its own. It. is known that when once.fetu* 
rated in this manner by difl^latipn it is^mpoflible 
to deprive it of them, and this fuffici,^nt.^ ex^ 
plains all the various . properties^ /fo_ fenfible 
to our orgai^^ and neyerthelefs fo inc^i^fiderablc 
in our chemical operations: whicH we meet 
with in the different kinds of brandies, and of 
alcohol of commerce. 
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90. The ufes of alcohol a^^ ej^trqipejiy numc-^ 
rous. Its property of fupporting ajqid raifing the 
dimioifhed flrength of the bqdy^ ; pf .Jiigmepting. 
the energy of thecontraSil^^fibri^/.lii^unpt^aii. 
of the circulation, and .the a6iivity ;o^ the whole. 
animal fyflem, gives it a place anaong^the XQ|9tfl 
important remedies. It is.jrarely admimftere^^ 

alone, 



alone, atieaftnot linlefaf reduced- tb' vapour, irt 
order to ititj-oducc it with the air intb'the lung^, 
and canfe it to*a^ upioft' the relaxed fibres- 0¥ 
the ulfcer» \rith which tttey ftiay be afl!5^d 
It is combined with^ rAultitudfe of diffdretit'ftil^ 
iltoces, in order tb add t<> its' virtues sfnd to 
adfept it to the ihdicatidntf trhich We wi(h tt^ 
falfth ft isr lirtldered' very folven V by pOV^^dt irt 
the acrid tihfttire of taifar and^ t\\e liUum; Very 
atttifeptiCf wiiJi camphor, aiitifpafint^odic with the 
imall^ pcirtioti' of Volatile 'diF which gives ib fmell 
and modifies- it, in' what are' improperly terttied- 
dijiittid^'fpiHiuojrg wath^s, Vfery aftringent wifh^ 

the ad'd^tlb«W;a quartet of? its weightr of frf-' 
pKtiric acW, which C5ttft rt utes" the* water <^f Rat^t 
ft iV very ttbrtiatehic atiti cordial- >vheii comblfied" 
with rdlhl3 a[n^\6'3dgetiated\e3ttra6J:|Ve^} asit l^" 
ifl- thearHficial^.balfat^s; tite tina^lre^ and- the' 
clixirij, 6rili€'J)iiritUous cottijidiinds; cHP^rtiicfr 
fiich a hunifcer'of varieties are eritlitterated itt the* 
books of^medical receipts and fbrmtllse. 

pi. Alcohol reduced to the* ftate of ether h 
one of the moft powerful ftomachic, tonic and 
antifpafmodic remedies^ as- it a6ls by being fud- 
denly reduced into vapour in the ftomach, 
whfetfe'it iS'Tedeii^efrfiip6ti'ia>lai<geftirfk<Je'2ft: oii'ce, 
and upon* almoft the .wKoler 6t the^ liervou* 
lyftetti. iVhi^ befen cfpe*ially r^cwttitietidedr «• 
a^fcylyent of^biRavy calfcyli^ ; but -i« isievldenf thaC 
it aftli iti' thisr.dafe much' nfiore by itd ftdwAViJ' 
lyroperty^tft^tt^ by A real- fiilvetit cfuality, flttw- 
tfte^fl^pttfiVlcnioi^^pdge of an^bttiy i« fttfftdettt' 
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to ihow that it cannot penetrate in fufHcient 
abundance into the duQus choledochus and 
cjji/iicus to a6l immediately upon the concretions 
contained in the gall-bladder. Ether intoxi- 
cates more powerfully and in a much fmaller 
dofe than alcohol. By mixing it with the firft 
aromatic alcohol which paffes in the diftillation 
with fulphuric acid, and with fome drops of vo*- 
latile oil which paffes after it, the anodyne mi- 
neral liquor of Hoffman is prepared, which is 
much inferior to the ether itfelf, and a6J:s much 
mote feebly and unequally. What is called iu 
pharmacy nitrous anodyne mineral ligitor is the 
prod ud which fucceeds the nitrous ether in the 
diftillation. As to the muriatic ether, it is a very ' 
bad medicine, as it is never uniform, fre- 
quently contains acid, and is much Itfs ethe- 
rated than the two preceding. The common or 
fulphuric ether, well rectified, is preferable to all 
others. 

©8. It is on account of its tonic and corro- 
borant virtues, that alcohol is fo frequently em- 
ployed in the preparation of very agreeable li- 
quors which are taken after meals to promote 
digeftion. The name oiratijias is given to the 
infuiions of a number of fubftances in brandy, 
fweetehed with fugar, and more particularly 
that of liqueurSy to the combinations of well 
redified alcohol with volatile oils and fyrups, 
in different proportions. The fyrup furiii. es 
the water and the fugar which foften the burning 
acrimony of the alcohol ; the volatile oil fupplies 

VokVIII R the 
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the perfume i add when thefe fubfknoes »e 
combined tn pn^er proportions, fo tiiat no ^ 
vour is too pi^dominant ; when the combination 
is very intimate, which it efpecially becomes 
in the courfe of time, they produce extrerady 
Agveeable beverages. They are varied without 
' limit, acqordidig to the volatile oil that is iifed; 
thole of vanilla, of the rofe, the orange, the ci- 
tron, the clove, the nutmeg, cinnamon, anifeed, 
are preferred to moft others, on account of the 
flrength or pleafan tnefs of their fragrance. They 
are frequently combined with each other, and 
fometimes even in large quantities, and in this 
cafe care is taken to compoisnd them in fuch a 
Winner that none may predominate over t^ 
Teft. In general tbey are prepared with ottt 
part of re6lified alcohol, two parts of water, (me 
of refined fugar, and fome drops of volaltile oiK 
Sometimes the alcohol is made to a6l immedi« 
ately uporf the intire- vegetable matters, in order 
to give it more of ^vhat is called the flavour of 
the fi'uit They are c6loured with cochineal 
and fafffon. Thefe very pleafant liquors arc 
nfeful onl}'' when taken moderately and in fmall 
tjuantities ; their abufe is pernicious and danger-, 
ous : inftead of ftren^liening they then weaken. 
the powers of the body and Specially thofe of 
the ftomach, 

93. Alcohol, by the property which it pofleffi^s 
of eafily diffolving the volatile oils, of cairying 
them off by diftillation, fo as to form highly 
odorous and aromatic liquors, is very much em- 
ployed 



|>ioyied in the perfumer's art. It is with this 
iUb^iance that th&y plnepate the pteafant liquids 
knovm by the name of fcented waters, the edu 
^ bonquet, the edu tk miUeJleurSj the pais 
ipdurriSy kc. : they aHb combine feveral of thein 
together. Bettetoin, ftoi'ajt, ambergris, muft, 
vanilla, are frequently employed in thefe bompo- 
fitions ufed for the toilet Thefe are alfo pro- 
duds of art which ought never to be employed 
but withtefeirve and moderation, as it becomes 
heceflary to augment the dofe when once habitu- 
ated to the abufeT)f them^ and by the continual 
feffefl of perfumes the organs become weakened 
and fuffer a remarkiablc/ f felaxation. 

9*. Alcoht)! is etiapioyed as a combuftibletofup- 
ply table-lamps, to afford brilliant flames in pub- 
lic fpe6lacles, and for performing a great number 
of philofophical and chemicial experiments/ It 
is f^rticulirly employed as a folvent in the pre- 
paitetioci of the fined and the mod coilly drying 
Vatoi&es/ Thcfe varniflies are in general (atil- 
tated folutionil of tranfparfent refmsthat are dry, 
little ^olouredi dr even intil^ly tranfparent^ 
fucfa m-e copal^ fandarich, maftich, blibanutn. 
Aloohol is too coftly to ferve fot- dyeing In the 
]ar^ vtky i foiit it is fometimes employed for 
djriribg filksand ribbands. 

9^k it isi one of the tiioft uifeful fc^lvents to 
.cistthiAs. it is efpeciaJfy ^lieH to the £bpara- 
tion^ of the tteliquefcent falls in the analyfis of 
tiiftrM^chiitms of mineral waters/ of the &thes df 
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plants, &c; to the extraftion and punfication of 
pot-a(h, foda, &c. ; to the examination of the 
vegetable matters, after having treated and cx- 
haufted them with cold and hot water; to the 
treatment of fome animal fubftances ; to .the 
precipitation of falts that are infoluble.rn alcphol 
though foluble in water, &c. &c. " ' 



SECTION VL 

Of the Caufts or the Mechanifm of the Vinous 
Fcrmentationj and of the Formation of 
Alcohol. ... 

96. THOUGH I have fliown in the two pre- 
ceding paragraphs that the alcohol did not e^ift 
ready formed, or intirely cbmpofed in the wine ; 
though I have confidered it as a remote produft 
of the vinous fermentation, it is however no lefs 
true that it proceeds from this fermentation ; 
that without it it would hot exift, and that it 
Js really formed by this procefs^ fince a fermented 
•vinous liquor is requifite for obtaining it. It is 
no lefs evident that it proceeds from the fugar, 
becanfe it i§ indifputably neceffary that a liquor 
fliould be faccharine in order to become vinous^ 
;and fmce, when this liquor has pafTed into the 
(late of wine,, it nb longer contains any faccha- 
rine fubftance. .; 

97. Chemifts 
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97. Chemifts have long known that alcohol 
is formed at the expenfe of the faccharine mat- 
ter : it is only fince the pneumatic do£irine, and 
by the fine experiments that have ferved to 
eftablifh it, that, the hope of determining the 
mechanifm by wliich* this kind of change is ef- 
fefled, has been cpnceived and already in part 
realized. Lavoifier is the firft and almoft the 
only chemift w,ho has occupied himfelf with it; 
and though fomething is ftill wanting, onthefcore 
of precifion, to the ingenious refults which he has 
given us refpeding this transformation, yet 
thefe refults arc fufficiently fair and conclu- 
five, efpecially when compared with the impro- 
bable hypothefes which hajl been given before 
hhn, to authorize our confidering this part o^ 
the fcience as greatly advanced, and very well 
calculated to difFufe great light over the vege- 
table ana^yfis. 

.98. This illuftrious chemift begins by fliowing^ 
that in the vinous fermentation, as in every 
chemical operation, a real equation takes place 
bietween. the principles of the body which fer- 
ments, and thofe which it affords after having 
fermented: thatthejuice of the grape, and more 
particularly the fugar, afibrding by fermenta* 
tion, on the one hand carbonic acid, and on the 
other alcohol, we muft thence conclude the 
fugar to be =5 carbonic acid + alcohol ; . and 
that by knowing well the nature of each of thefe 
bodies and that of the fugar, we may exadily 
appreciate what happens during this fermenta-' 

tion. 
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tion, or in what the change of nature, which it 
eflS&^ia may copfiftw According to this view, 
fcnowingi the nature of the fugar in which he had 
fbundO,64 of oxigi*n, 0,28 of carhoq, and 0,08 
of hidrogen, he fermented it with a fmall 
quantity of yeaft which he had ajfp examiq- 
ed<: ^his experiment was made in an ingeni- 
ous apparatus, in which he coHefted -exa^lly 
the carbonic acid diifengagedi and loft none of 
the products of the fermentation. Without en^ 
tering l>ere into the detail of the proportion of 
thefe prodi|fts, with refpeft to which fomethipg 
is wanting in accuracy, as muft have beew the 
cafe in a firft experiment, I fliall here exhibit 
only the general refults, which alone are of in- 
tereft to the general progrefs of the theory, and 
conduft us to the knowledge of the mechanifi^ 
of fermentation. 

99. In calculating tlie proportion of the p^^imi-f 
tive principles contained in the 0,96of fugay 
totally decompofed in his experiment, Lavoifier 
found that this quantity of oxigen, of cavbon, 
and of hidrogen was fufficient for forming all 
the alcohol, all the carbonic acid, and even the 
portion of acetous acid which he obtained. 
Hence he concluded that it is not neceflary to 
iuppofe any decompofition of the water, asi he had 
done at firft, for explaining the compofition of 
thefe two principal produds, the alcohol and 
the carbonic acid; but that the mechanifm of the 
▼jnous fermentation confifls only in a change of 
equilibrium etfeded in the confl^tuent principle! 

of 
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of the fugar, and in a new union under another 
order of thefe principles; a change favoured^ 
only by the prefence of the water and of the 
caloric, and commenced more efpecially by the 
ferment of the yeaft which he had employed. 

lOP. The effeds of this fermentation are re- 
duced in this theory founded upon experiment, 
to the feparation of the faccharine matter into 
two new compounds ; to the dxigenation of the^ 
wie at the expenfe of the other, to form carbonic 
acid, a neceffary produfi; of the vinous fermen- 
tation ; and to the difoxigenation of the other 
in favour of the firft, in order to compofe with it 
the inflammable fubftance called alcohol; fo 
that, fays he, if it were poffible to re-combine 
thefe two produds> the alcohol and the carbonic* 
acid, in. the fame proportions in which they re- 
fpe^iively formed the fugar that has fermented, 
the fugar would be reproduced fuch as it was 
previous ta the fermentation. According .to him, 
the hidrogen and the carbon do not exift in the 
oily ftate in the alcohol, but they are united Avith 
a proportion of oxigen, which, being maintained 
with tliem at a certain equilibrium of compofi- 
tion, conftitutes a ncM' fpecies of oxide ftill very 
iaflammable, and which, when decompofed by 
paiTmg it, as I have already indicated, through 
a red-hot porcelain tube, again forrtis water and 
carbonic acid, and depofit^ a portion of carbon. 

101. Thus the alcohol, which is fugar— *a: 
notable quantity of carbon and of oxigen 4* 
ian equally: notable quantity of hidrogen, to the' 

exaO; 
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exa6l knowledge of which nothing more is want* 
ing than that of its primitive principles ; — this 
alcohol, which is fugar, de- carbonated and dif- 
oxigenated or hidrogenated fugar, comports it- 
felf exaQly as fuch in all the experiments to 
which it is fubjeded. It is much more light 
and volatile than fugar on account of its pro- 
portion of hidrogen ; it burns without fumes 
aud without foot; it affords a large quantity 
of water in its combullion. It is alfo evi* 
dent, that when we confider the mechanifm of 
the vinous fermentation in the comparative pro- 
perties of its produds, we may regard it as two 
operations performed at the fame time, as a flow 
aud fuccelhve combuftion of the carbon, and^a 
decombuftion of the other part of the fugar, 
which then becomes more combuftible, and 
forms the alcohol. 

102. Accordingly, Lavoiiier has terminated 
thefe fine inquiries upon fermentation, by re- 
marking that this operation prefents a new 
means of analyzing fugar ; thatfuppofing a ve- 
getable matter fubjecled to fermentation to be 
well known, we may confider it with refpcft 
to the produfts which it affords, as a real al- 
gebraic equation, and that each of the produfts 
that compofe it may give a real value, which 
enables us to rectify the experiment by the 
calculation, and the calculation by the ex- 
periment. It is thus, as an important means of 
aualyfis, that I have reprefented the fludy of 
the vegetable fermentations ; and it mufl here 

appear, 



appear, that in order to. become perfeftly ac- 
quainted with the vinous fermentation and its 
products, to arrive by this knowledge at that of 
its real mechanifm, nothing, more is neceflary 
than to find the exa6l relation of the propor- 
tions between the principles . which combine 
with each other ; and this is what may be hoped 
from further chemical refearches, purfued with 
the fame fpirit, and with the fame apparatufes 
which Lavoifier has already fo ufefuUy em- 
ployed. 

The general refult of what is already known 
concerning the vinous fermentation is, that the 
original intention of nature in giving rife to it, 
has been to. reduce the vegetable compound to 
a more fimple order of compoiition, fiuce one 
of the produdls of this movement is already a 
binary compound, namely, the carbonic acid* 
We ihall acquire a ieries of irrefragable, proofs of 
this leading truth in the examination of the 
other fucceflive fermentations on which I ihall 
treat iu the fubfequent articles. 



Article V. 

Of the acid Fermentation and of its ProduBs, 

or of the acetous Acid. 

1 . THE acid fermentation- was cottfidered as 
the fecond degree of general fermentation by 
Boerhaave, fince it is in faft by an inteftine 

movement 



movement of which;. wine is fufceptible^ that 
the acetous acid is fabricated ; but feveral ve« 
getable fiibftances that are not vinous may* 
for^n thia acid^: and it is not an indilpen&blc 
conditioa of its exiiienee that it fliall havie been 
psreceded by the vinous^ fermentation. In orde^ 
to place whatever belongs to the hiilory of this 
, €6rnientation( j|i a mope perfptcuous light, I 
fliall divide this article into fi^c-paragraphs. The 
firft ihall treat of the conditions and tiie phe« 
phenomena of the acetous fermentation; tbft 
£bcond> of feveral other means of obtaining ace- 
tous acid, different from that of fermentationy op 
of whati call in. geoerat acetification i the thirds 
a£ tittiphyfical properties of vinegar, and o^ the 
acetous, acid ; the fourth, of it^ chemical pro*'- 
peities:; the fifth, of the different fpecies ofr 
modificatioiiB^of the acetous^ acid, and efpecially 
of that . which is. called acetic ^ci^ ; lailly, the 
ikfith and conclnding^ paragraph iliall defcribe the 
ufesi for wldeh vinegar, the acetous^ acid^ and the 
acetic acid are employed?^ 



Section L 

Of the Conditions^ and of the Pfiemmena of 

the Vtnous^ Fermentation. 

2. THOUGH many vegetable fubftances, ef- 
pecfaljy the leaves immerfed in: water, farinas 
diluted with it^. and the mucilages prepared from 

them 
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them witfeJiet water, are capable ofexperi* 
encing a fpontaneous inteftine motion which 
cottverts them into acic|> it is more particulars^ 
upon wine that this Ttiqd of fi^mentation is 
pra6tifed, and has been M-ell obferved: There 
ftre three coWitions eflential to a vinous liquor, 
in order that it may pafs into the acetous fer^ 
mentation. In the ^rft place, It muft be ex- 
pofed to a temperature' from twenty to twenty* 
ftve degrees of Reauirrur's thermometer* It is 
known that wines depofited in vaults, the tem- 
perature of which is pretty conftantly ^t ten 
degrees, remain without alteration: Secondly, if; , 
is neceflary that they ihould contain a certain 
quantity of mucilage and of tai'tar. On this 
account the wines ought not to be fined with ifin- 
glaft till the moment of bottliug them. They are 
made to ferment much more quickly, efpecistlty 
thofe which are very generous,* and yietd 
much alcohol in diftillation, by adding ^ny 
kind of mucilage to them ; fugar even in fmall 
proportion, but efpecially melaffes, ftrve alfo 
as a ferment. Thirdly, it is neceflary that the 
wines fhould enjoy the conta6b of the air; the 
piorethis contact is multiplied, the more quickly 
does the acetous fermentation eftaWiih itfelf ; k 
fmall quantity of Vine remaining at the bottom 
of a bottle pafles (]|uickly into the ftateofyine* 
gar, on account of the large volume of aii 
which touches it in eyery part ; and Rbzier has 
found that a bladder filled with air attached to 
the bi|n^-ho)e of a ^aik qf Fine that ^tras turn- 
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ing.four, was emptied by the abforption of the 
air which it contained. 

S- All wines are fufceptible of undergoing 
the acetous fermentation ; but though thofe of 
inferior quality are more particularly allotted to 
this purpofe, the experiments of Becher, fincc 
repeated by Cartheufer, prove that the ftrong 
wines, which yield much alcohol by diftillation, 
ajFord the beft vinegar. Thus the wines of the 
country about Orleans, that are of good qua* 
lity and fufficiently generous, afford a vinegar 
which is in high eftimation; in this manner 
alfo the quality of the vinegar prepared with 
weak wines is improved, by adding a little 
brandy to them previous to their fermentation. 
For the reft, though the chemifts have long con- 
fidered vinegar on this account as a fpirituous 
ftcidf we Ihall fee hereafter that this property is 
relative only to the fmell and tafte of the vi- 
negar employed in the ordinary ufes of life, but 
by no means to its proper acid nature, which 
is independent of the prefence, or the dired 
proportion of the alcoh9l tliq.t may be upited 
with if. . . 

4. Whilft the wine undergoes the acetous fer- 
mentation,, a very fen fi.ble ebullition and hiffing 
are perceived in the liquor; H becomes heated 
and- turbid ; it prefents many filaments and 
bubbles, which traverfe it in all dire^^tiqns} it 
exjiales a lively acid fmell, without difengaging 
carbonic acid, as is the cafe in the vinous fer- 
gieptatiou. Gra,dually thefe phenomena abate, 

the 



the heat dimraiflies, the cotnitiotibn fubfides, 
the liquor becomes clear, aft^r having* depofi ted 
afediment in reddifli glutinous flakes, which atr 
tacjl themfelves to the fides of the veffels. The 
wine is afterwards difpofed to undergo, provided 
all the circumftances favour it^ a new and laft 
fermentation which would change its nature, 
and intirely decompofe it ; and it ought not to 
"be forgotten that fuch a difpofition afliually ex- 
ifts, and that precautions muft be taken againft 
the procefs of decompofition if we Mdfh to 
preferve it. 

5. According to the conditions and the phe- 
iiomena that have been indicated, it is not dif- 
ficult to convert wine into vinegar; time alone 
cfFefts this change in ill-clofed veffels that are 
expofed in places fufficiently warm. Thus, 
in many families, a barrel filled with wine al- 
ready tending to acefcence is placed in a 
lower room kept conftantly at the temperature 
' favourable to acetification. When it has in- 
tirely turned four, in fifteen or twenty days, 
a fmall quantity is drawn off for domeftic pur* 
pofes, bynneansof a cock placed towards the 
bottom, and the barrel is fimply filled up with an 
equal <}uantity of wine ; by this means the wine 
that has been a;dded paffes fpeedily into the 
ftate of vinegar, fo that this barrel; when once 
prepared as I have faid, fuffices for the fupply 
of the whole eftablilliment without a new fa- 
brication being required, fince it is only necef- 
' fary to replace the vinegar that has been drawn 

off 



off vitk aa equal quantity df wkie. t^e tei 
]iere tbat the vinegar alrea4)^ fo^rmecl fert^es )aii 
ja fermeat to t^e wme i^ich t6 iidded. .Wllen 
it is necei&ry £roin Bioy citcum&MCt to IrfjeMBOM 
ttence the operatioiii acrd when iit is reqmiFed agaiii 
to make a 4)arrel of vinegar lor the firft tiitae^ 
we throw into the wioe that i» p^ -mtotte 
barrel that ikio, or kind of membrane, wMch is 
taken out of barrels that have cDiijtaraeU vine<» 
gar for a long time, and which is calletl mo^ 
tber of vinegar. This is a niucous^ concrete 
depofition, proceeding from the gradual de^ 
cosn position of the vinegar, and feives as a 
ferment to give rife to the aeid ^ermentatioB 
In the other wine. This fa6t is fo well know^, 
that in neighbouring families this mother vf 
vinegar is borrowed in the fame tnaiiner as thtf 
leaven of bread. 

6* Boerhaave has given, in his £leaientb of 
Cheaniftry, a very good procefs for maki^ 
Vinegar, which is fiiil pra^ifed inmat^ placefe. 
Two veflels are taken^ in which is £xed lit 
. fome difiance from their bottom^ an hurdle of 
oiier, upon which vine branches and italks arc 
fpread out: wine is poured intotheni> fo astofiU 
the one completely, the other only half. Tlie fer^ 
mentation commences in the latter. When it is 
well efiablifliedi this veifel is filled from the wine 
contained in the firii By this means the fevvMia* 
tation abates, in the full veflel, and commences in 
tliat which is hedf empty. When it has arrived at a 
confiderable degree, the latter veflel is again filled 

with 



wtth^fche Irquorof ttfcat whitdilmd fbrihecitedtiie 
lirfi ; fe that Ihe fermentatidh^ lehicfa ifeUows the 
inrerfe proportion of the maiTeSy recoiofflietictt 
in tbisihid abates in the other. The two veffeh 
arc diusaltcmatdy lilted and emptied; till the vi- 
negar is isntirely foiUMd, ; which: geaeraliy w- 
quires from twelve to fifteen dajrs. 



Section II. 

Of other Procejfes hy which acefow Add U 

i^btaineii 

7. The acetous acid differs from the product 
of the vinous fermentation in the circumftance 
that it may be formed without this fermenta* 
tion, that Q*eque^tly . it i& the confequence of 
alterations, or of changes independent of the 
acid fermentation. The procefies of the aoeti*- 
fication, or of the . converfion xof the infipid, 
(acdharine, mucous, extradive vegetable mat- 
ters into real acetous acid, are very numerous ; 
and there have been obferved, elpecially for 
fifteen years pail, a multitude of different cir* 
cumfiances in which thofe matters become ^c\* 
dified without experiencing any thing really 
fimiiar to a fermentation. 

;8* Thefe infipid, or fapid, but not ^cid matters, 
beconie fo, and all beccmie partly converted into 
the Date of acetDue acid^ by the fpontaneous ac- 
tio^ wiiich the fulphuric acid exerts upon them. 

. 1 l^ve alieady iev^ial lam^ .abfe?^lN» that the 

mere 
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mere tendency of ^the concentrated fulphuriiJ 
acid to falufate itfelf with water, is a very po- 
tent caufe of alteration which it caufcs the ve* 
getable matters to undergo. This alterations-con* 
fifts in three diftin6t though fimultaneous effe6ls ; 
firft, a portion of the hidrogen of thefe mat* 
ters unites with a portion of oxigeri alfo belong* 
ing to them, to form water which faturates the 
acid ; fecondly, carbon is feparated,. which ren- 
ders the mixture brown and even black, and is 
foon precipitated to the bottom of the acid : at 
the fame time that a third portion of thefe matters 
paffes into the ftate of acetous acid, which .re- 
mains confounded with the fulphuric acid, and 
may be feparated from it by diflillation ; fo 
that there is no vegetable fubftance which, after 
having been treated in the cold by this powerful 
acid, does not yield more or lefs acetous acid, 
w hen afterwards fubjefled to the adion of the 
fire. 

9. The nitric acid which, as I have elfewhere 
fliown. has a very aftive tendency to deftroy the 
vegetable compounds, forms in them always a 
fmall quantity of acetous acid, and at the fame 
time the mucous and oxalic acids, and per- 
haps even malic acid. It has been feen that 
alcohol itfelf is in part converted into acetous 
acid, when treated by the acid of nitre. The 
muriatic acid alfo efFe6ls a fimilar converfion 
when left for a long time with vegetable fub- 
ftances, though it is much lefs powerful than the 
fulphuric and nitric acid* But it as moft efpe* 

cially 
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Cially the oxigenated muriatic acid which, not- 
li^ithftanding its little folubility, when received 
in the ftate of gas into the vegetable liquids or 
the folutions of vegetable matters, has the pro- 
perty of CQnvertingpartof them intoacetous acid. 
Thus when alcohol is treated with this agent it 
is converted much more into acetous acid than 
into ether, and it is on this account that the 
muriatic ether is always acid and little abun- 
dant. 

10. It is not yet fp well proved as has been 
thought, that mod of the other vegetable acids 
are fufceptible of paffing into the ftate of ace- 
tous acid, and that this acid is the common 
term of their acidification. Though the tartarous 
aci^ appears actually to pafs into this ftate, as well 
as the malic acid, and though from the conftant 
prefence of the tartarous acidule in wine, it may 
be regarded as a ferment that promotes its acetifi- 
cation, and as furnifliing a fubftance which of 
itfelf becomes acetified, it feems that we cannot 
affirm the fame of the oxalic acid, the ftrongeft 
and the moft unalterable of the vegetable acids, 
which refifts all fpontanedus alteration, in the 
fame circuixiftances in which the tartarous acid 
and the tartrites are decompofed and deftroyed. 

1 1. We have juft fee'n that acetous acid is 
formed in circumftance* different from fermen- 
tation, and that its produftion does not necef- 
farily require the exiftence of an inteftine fer- 
mentative motion; there is alfo an acetous fer- 
fnenta^on, whereby acetous acid is produced, 

Vol. VIII. S without 
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without ks having been preceded by tile vinet» 
ferrHentation> the previous exiftence* of vrhicli. 
was admitted after Boerhaave as indi^eniible ; 
fo that the name of vinegar ought now to be, ap» 
plied only to the wine itfelf become acid or 
fou;-, and that of acetous acid, which mtift pre- 
lent a more general idea than the wotdvinegarj 
tujbftituted inftead of it. Almoft all vegetables 
are fufceptible of pafling aftually into the 
acid or acetous fermentation, of yielding real 
acetous acid, without having prcvioufly under- 
gone the vinous fermentation, without hav- 
ing firft formed wine. This is what happens 
with leaves and roots, with cabbage that has 
turned four in water, with Jour crotit^ which 
has been fo improperly called in French choti^ 
croute ; ftarch or flour fteeped in water, and 
forming the/o//r water of the Jiarch^makers; 
dough itfelf^ which, wlien it is fufferedjto rife 
XI little too ftrongly, becomes four, ami gives a, 
very perceptible taftc to the bread that is pro- 
duced from it. 

12. It was formerly believed that, even in 
the cafes which 1 have juft mentioned, an in-* 
fenfible vinous fermentation firft took place,, 
and that all the vegetable fubftances that turned 
four commenced with being in a vinous ftat^ ; 
but we here manifeftly difccrn the influence of 
a prejudice which, after the theory of Boer-^ 
tiaave, forced nature, as it were, to adapt itfelf 
to the ideas that had been formed. We can- 
riot admit a vinous fermentation, of which we 
have no proof and no indication, in the iap of 
•' • ' the 



4;ree8 at the moment when it has juft beexi 
cxtrafted, in extradls rapidly prepared, all of 
\diich contain acetous acid* The human urine 
jand that of the an imab affu redly do not ex-* 
jxeriettce a vinous fermentatian, and yet thejr 
cafily yield this fame acid by an inteftine changjJ 
of their own matter: w^ may therefore con- 
jclude that there exifts an acetous fermentation 
independent of the vinous, that it is not its 
neceflary confequence^ and a formation of ace* 
tons acid in matters which are not in the vi* 
nous ftate* 



Section^ 111. 

Of the Properties of Vifiegar^ 

iS. VINEGAR, or that impure kind of acfi^ 
tons acid, which is mofl confiantly prepared and 
u&d, and which is made by the acetous fer'» 
mentation of wine, is a reddifli or yellowifh 
HquQc, called white wme vintgur^ when of 
the hitter colour, ^f a Sm^ pungent taft^ 
wliich is ^pretty ^rong and agreeable, <rf ft 
lightly aromatic fmeU, and retaining a portiosi 
of the alcohol of the wine not decompofed. 
It weighs from 10,135 to 10,35.1 { wat^r beingf 
10,000. It varies much in its pro|*erties, ac^ 
aordingly as it is obtained from a wine moffl 
or lefs fpiritUom^ coloured^ Urong, and gec^ 
rotts, or weak amd of bad quality^ I do not 
hcx^ even fpcalt gS that to which fulphuric or 

S^ 2 aitric 
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nitric acid has been added, in order to give 
it more acidity. 

14. This common liquor contains, befidesthe 
acetous acid, properly fo called, a certain quan- 
tity of tartar, which it does not depr;fit as wine 
does, a colouring extraftive matter, fonietimes 
even a little mucilage, and frequently a portion 
of the malic and citric acids. We likewife find in 
dt fulphate of pot-afh, and even a little fulphate 
of lime. It may be fuppofed, however, that all 
thefe properties vary according to the nature of 
the wine from which it is obtained, and that 
therefore no two quantities of vinegar are p^r- 
fedly alike. Accordingly the combinations of 
this acid are not whac are ufually examined by 
chemifts. 

15. Vinegar contains or nourifhes a fpecies- 
of microfcopic animals, which have been vfery 
improperly' termed ^eels, and are of the kind 
called animalcules of infufion. *" Modern natii* 
ralifts have given this fpecies the name of vibrio 
aceti. It exhibits a much more confiderable 
quantity of them when it begins to change, and 
it is very fufceptible of alteration. We fee it 
become turbid, much flocculent fediment fub- 
fides in "it, it acquires a mouldy fmell, and even 
forms a mucous and glutinous mafe, refembling 
what • is called mother of vinegar. It is well 
known that it undergoes this decompofition 
much more fpeedily wlien it is left upon its 
fe^s, for wliich reafon it is racked off immedr-' 
ately after it is -niiade. It appears, that tartar is 
--'^' 2 - one 
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©ne of the fubftances contained in vinegar^ 
which contributes moft to its fpontaneous alter'- 
ation ; for the phenomena that take place ia 
this decompofition are the fame as thofe in a 
folution of tartar. ' + 

16. When vinegar is expofed to froft, there 
is only a portion of it freezes: the frozen part- 
is little more than water, and the part not frpr 
zen is ftrong vinegar. If this congelation be 
repeated, gradually increafmg the intenfity of 
the cold each time, very little unfrozen vinegar 
will be obtained : this is very ftrong, lefs co- 
loured, lefs liable to change, aud much more 
eafy to keep : it is cdAled vinegar concentrated 
^y S^^fi' This is one mode of keeping it ; but 
it is very expend ve; becaufe little is left tha!t 
does not freeze. Scheele has difcovered a mup}^ 
better procefs for rendering it capable of being 
kept: this confifts in boiling it for a few mi'* 
nutes. After this operation, vinegar, is much 
lefs liable to alter, and may be kept even iii 
open veflTels without fpoiling : it is evidently; 
very fnnple, and very applicable to domcftic 
purpofes* 

17. The aftion of fire on vinegar is employed 
to obtain pure acetous acid. For this purpofe it 
is diftilled in a ftorie cucurbit with a glafs head, 
or in a glafs retort placed in a fand-heat, with^a 
receiver adapted to it. It muft be heated Howly, 
and 'only fo as to make the Vinegar Ixiil gently 
At firft a liquor of ^ quipk, fragrant, avprna^^ 

fiinelU pafles over, the Jvft pwtion of wbi§h>JlP 

alcohol 
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^c6h6l mixed \yhh a little acetous acid. To 
this foon fucceeds a very pale acid liquor, of a 
flrong acid fmejl, which i» the acetous acid, or 
^iftilied vinegar. As the diftillation proceeds, 
the more acid it becomes, having kfe fmell 
irith more atiidfty : all tbefe produ6b may be 
dbtained feparately/ by changing the receiver 
attach; but this is feldtym done. When the 
li|ierator ba« drawn off about two^thirds of tjxe 
K^uor heexpafed to diftillation, he puts an end 
to the procefe; if more be drawn off, it will 
have an empyreumatic fmell, After this pro^ 
du^ is obtained, what remains of the vinegaj? 
h athic^ liquor^ of a deep and dirty red co- 
four { it depofits a certain quantity of acidulous 
tartrite of pot-afh ; it is ftiU very four : it con* ' 
tains therefore ^ids more fixed than the ace- 
tous, which occafions the acrid and empyreu-? 
matic ftndl arifing from burned vinegar. Thi« 
extra6l, diftilled ir> a retort, yields fome colour^p 
(ftd acid water, brown oil, and a little ammonia, 
leaving behind a coal which contains a ^reat 
quantity of pot-afb. 



SXCTION iV. 

0/ the Chemical Properties of Acetous Acid, 

IS. I HAVE aCTerted, that chemifts did not 
€4^tnine the ptoperttes of vinegar in its common 
ftatej that, to discover ^t^e cbara6ler of tbp 

acetous 
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acetous acid, they make ufe of that which they 
have extrafted from vinegar by diftillation : 
accordingly the combinations I am procei^diug 
to examine, are thofe of this pure acid. The 
acetous acid in this flate, poffeffing perfeft trarif-. 
parency, of a fufficiently agreeable fmell, of a 
^pungent four tafte, of a fpecific gravity feufiibly 
lefs than that of vinegar, fince it reaches only. 
10,005, i^ddening blue vegetable colours, if 
expofed alone to heat is volatilized, and evapo- 
rated intifely. - It is more volatile than deeom- 
pofable: it keeps without alteration in clofe 
veflels: it does not uSt on hidrogen, carbon, 
phofphorus, nor fulphur : it unites with water in 
any proportion. We are not yet well acquaint- 
ed with the manner in which it is afFe6Jed by 
the powerful acids, though we know that con- 
centrated fulphuric acid, carbon, and nitricf 
/ acid, decompofe it into carbonic acid and water, 
it weakly dilTolves boracic acid^ and abforbs 
carbonic acid. 

19. The acetous acid unites with all the earthy^ 
and alkaline bafes, and the falts/it forms are: 
charafterized by their great fol>ibility, their de? 
compofition by fire wliTclr 
coal, the fpontaneous alteration of their folu- 
tions, and their decompofition by a great num^. 
b^r of acids, which difengage from them tlite' 
jLcetous acid in a very concentrated ftate. 

'The following are the chara^leriftic properties 
l>f the principal fpecies of acetites hitherto ex-* 

^mined* 
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amined. The order in which they are arranged, 
founded on the affinities of the acetous acid, is 
the fame with that obferved in a great number 
of foffil falts. 

A. The acetite of barites cryftallizes in nieedles; 
its tafte is bitter ; it efflorefces in the open air; 
it is very fouble ; it is deconipofable only by 
the alkaline Carbonates, and not by the pure al- 
kalis or earths. It may be employed to detcft 
the prefence and quantity of fulphuric acid in 
vinegar fophifticated by this addition. 

B. The acetite of pot-afli exifts in feveral ve- 
getable juices ; it has been feen,^ that all the 
extfafts contain it ; Citizen Vauquelin, has found 
it in dunghills, and in mould ; it has been dif- 
covered in faps ; it is even feparated from the 
urine of fome quadrupeds. It is prepared for 
pharmaceutical purpofes; and was long called /b- 
Uated earth of tartar^ becaule it was obtained in. 
a dry foliaceous and not cryftalline form. The 
preparation of this fait, which is much ufed in 
phyfic, confifts in faturating carbonate of the 
pot-afli with acetous acid added to it in excefs, 
filtrating the liquor, evaporating it over a gentle 
fire in a porcelain or filver veffel, finifliing the 
evaporation to drynefs when the liquor is be- 
come thick, on a water-bath^ or on hot aflies. 
By thefe means a white fait is obtained : but if 
the evaporations were conducted over a ftrong 
fire, the fait would become grey or brown, be* 
caufe a part of the vinegar would burn. 

The 
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The a^etite of pot-afli has a pungent acid 
tafte, becoming urinous and alkaline as it goes 
off. In the fire it melts, fwelfe, decompofes, 
arid burns to a coal. Diftilled in a retort, it 
yields forne acid water, an empyreumatic oil, 
a little ammonia, and much carbonated hidro- 
gen gas and carbonic acid gas. Th^ coal 
which remains after this diftiilation contains 
|>ot-aih uncombiued, and frequently it is ia 
the pyrophoric ftate. 

The acetite of vpot-afh ftrongly attrafls the 
jnoifture of the ai r : it is extremely -Soluble in 
water, and produces cold as it diflblves: its 
concentrated folution affords, though with dif- 
ficulty, regular prifmatic cry ilals, but they arc 
of very little permanence, on account of their 
<leliquefcency. The fame folution, a little more 
diluted in water, is decompofed fpontaneoufly in 
clofe veffels : it depofits a thick flocculent mu- 
tcus, of a grey colour, and at laft black ; and 
^ the end of a few months contains only cav- 
bonkte of pot-afli, foiled with a little carbona- 
ceous oil. In this property it refembles tartritc 
of pot-afh. 

The acetite of pot-afh is decompofable by the 
powerful acids. Diftilled with concentrated 
iulphuric acid, it yields an extremely acrid ace- 
tous acid, which,- on account of its fmell, has 
even been confounded with the acetic acid, of 
which I fliall fpeak hereafter. The tartarous 
and oxalic acids likev^ife decompofe the acetite 
of pot-afl), and they are ftronger than the ace- 
tous 
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taus acid. We (hall fee further on, that thfe fait 
precipitates feveral metallic folution^ by tte 
help of the double affinities. When it is diflHled 
with arfenious acid, or white oxide of arfenie, 
it yields a volatile, furhing produdi, of a hor- 
ribly fetid fmell, and which takes fire fpon- 
taneoufly in the open air^ giving out a eopioiis 
fmoke and a reddifh flame. 

C The acetite of foda has been very imprb** 
perly named mineral foliated earth, fittct tlm 
denomination ought not to have been given, 
even in the ancient nomenclature, to a vcrf 
cryftallizable fait. It is prepared by faturating 
carbonate of foda with acetous acid. The fil- 
tered folution is evaporated to a fliglit pdnicle, 
and on refrigeration it forms ftriated prifmatic 
cryftals, fomewhat like thofe of fulphate of 
foda depoiited rapidly. This fait is bitter, pun-^ 
gent, and mixed with a tafte at fii-ft acid, 
afterward alkaline. It is decompofed in the fire, 
like the preceding, and fpontaneoufiy in its 
aqueous folution. It is not like it, deliquefcent: 
It leaves howe\^er a pyrophoric refiduum after 
diftillation. , It is decompofable by barites and 
pot-afh. 

Z). We are yet very little acquainted with 
the acetite of ftrontian : we know only that 
this combination has a fweet tafte, that it is 
very foluble, and that it is eafily decompofed 
by a ftrong heat. 

E. The acetous acid combines eafily and 
yeadily with Ume : it diffolves Xhc cvbonatc of 

@ lime 
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lime with tfifervefcance : when it is faturated 
with it, and wbea the folution is evaporated to 
a» pdJrcte, it yields cryftals in Tcry fine prifms, 
la a fort of fhiniag fatin-like needles* This fait 
is acid and bitter : ijt efflorefces in the air, like the 
akretite (yf barites^: it ,is decompofed by thi^ 
bafe, as well as by the two fixed alkalis. Tl»e 
peKwerfii! ackJs expel the acetous froni it %f ith 
effervefcence, as from all the other acetites. It 
clecompofes feveral falts by double affinity. Tli« 
acetiteof lime is frequently obtained in che- 
TtvicBtl analyfis, on treatiitg with acetous acid 
tfcfr refiduums of mineral waters, and different 
earths or ftoaes divided by fufion with potrafc* 

F. The ^cetous acid unites readily with am* 
i^ooia: this fluid cofnbiuation', with excefe of 
"acetous^ acid, fornisp the j^>i# cf mindtreru9^ 
prepared in tlie ihops» It is the amniom^cat 
acetite. On evaporating it, to endeavour to. 
obtain eryftals, it i^latilizes intirely: hettce 
fome chemifts have propofed to prepare it by' 
difiilktionv It is thus that it is extra6led from' 
dutighiJI Abaters, > from fpme fermented fafwr, * 
and ev^eji from altei*ed wines. Some have af- 
^*med, hoArever, that they have obtained a fc\v 
peedl^d cfryftals of it, of a warm pungent tafte, 
and very deliquefcent. This fait is decompofed 
by fire, by the acids, by the alkalis, and by fe- 
\neral earthy bafes; it undeigoes fpontaueous 
dcftruilion. ^ 

<?. The acetite of magnefiais very eafil^ pre- 
pared by the 4ir^6l iinicm of acefoi^^ acid with 

carbonate 
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carbonate of magnefia, which it diffolves with 
efFervefcence. It cryftallizes but very diffi- 
cultly, and its folution yields.when evaporated^ 
a vifcous, deliquefcent mafs. By this property 
it- is eafily feparated from the acetite of lime, 
with which it is frequently confounded in; the 
dry form, in the produft of the evaporation 
of the earthy refiduums of mineral waters treated 
by acetous acid. This faline mafs, always fa- 
tiny and fliining, attrafts moifture, and diflblves 
in the open air. As long as it contains any ace- 
tite of magnefia, this is gradually feparated as 
it liquefies; and when no farther deliquefcence 
tajies place, the remainder is pure acetite of 
lime. 

The acetite of magnefia, befides the generic 
properties of the acetites, is decomppfable by 
barites, the fixed alkalis,, ftrontian, lime, and 
partly by ammonia, 

H. The acetous acid diflblves glucine very 
well. This folution, according to Citizen Vau- 
quelin, does not cryftallize : it is reduced by 
evaporation to a gummy fubftance as it were, 
which flowly dries and becomes brittle, but 
long retains a fort of dudility. Its tafte is 
faccharine, and pretty ftrongly aftringent ; yet 
it permits us to difi;inguifli that of vinegar^ 

I. This acid diffolves alumine very difficultly : 
it forms with it little necdly cryft;als, foft, fen- 
fibly aftringent, and decompofable by all the 
preceding bafes. We yet know little of the pro- 
perties of acetite of aluming^ 

^. It 
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K. It is the fame with the acetke of zircon. 
It has been veiy little examined hitherto : all 
that we know is, that this faline combination, 
exifts;, and that it is gelatinous, and decom- 
pofable by. all the alkaline and earthy bafes with 
which we are acquainted. 

20. The acetous acid a6ls on a great number 
of metallic fubftances, and in its combination 
with thefe exhibits phenomena more or lefs im-f 
portant for us to know, or compounds more or 
lefsufeful. 

21. It has no aftion on arfenic, and does not 
diflblve the arfenious acid : yet this- acid, being 
diftilled with ^n equal cfuantity of acetite of 
pot-afli, afforded Citizen Cadet and the che- 
mifts of the academy of Dijon, a red, fuming li- 
quor, of a very noifome fmell, very tenacious, 
and of a very lingular nature. Citizen Cadet 
had already bbferved, that this liquor was cap- 

« able of inflaming fat lute. The academicians 
of Dijon, defiroiis of examining the yellowifh 
Inatter of an oily confidence, colleded at the 
bottom of the veffel that contained the fuming 
arfenico- acetous liquor, decanted a portion of 
the fupernatant fluid, and poured the refl on a 
paper filtre. -Scarcely had a few drops pafled 
through, when on a fudden arofe a very denfe 
noifome vapour, which formed a column from 
the veflel to the cieling ; a kind of ebullition 
took place about the edges of the matter, and 
a fine rofe-coloured flame ilTued from it, which 
continued a f<^w inftants. This liquor; which the 
i . chemifl^s 
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cbemiih of Dijon 'Compared toa liquid ^offliCh 
rus, is a fort of pyropborus like thofewhacb ^liH 
be mentioned ia^neafter* The Tefidunm of the 
jfliftillation of the acctite of pc4-^(h with arfe* 
nious acid confiibs of pot^aih chiefly. 

22. The acetous acid diffolves cobalt in die 
ilate of oxide, atvd forms a folution of a pale 
ro£e colour, which yields uocryil^U^ but t^ 
^properties of which are not known. 

2$. It has no a6iion on bifuuitb, or on its 
oxide, but it diffolves the oxide of manganefe 
We know ixothing of its afiion on titaniuaiy 
uranium, tungften^ molybdena, or chrome. 

24. According to Arwidfon, it diifolves nickel 
dire^ly : . this folution affords green CTyfidtls^ » 
figure refcmbling a fpsitula. 

25* Thjs acid does not afik on antimony f hot 
it appears to dilTolve the vijtreous oxide of thin 
metal, fmce Angelus Sala made an emetifc f^ 
paration with thefe two fubftances. . 

Its a£Uon on tellurium is unknowti. 

26. Zinc, as well as its oxide, diiToives verf 
readily in acetous acid« Gitifsen I^Connet has <^ 
tained x^ryftals in flat laminae from thia iblutioo 
by evaporating it. The acetite of ainc f^il- 
luinates on burning coals, a^nd ;gives a fsaati 
blueiih flame after roeiting aad fwelliaig iip« 
By diflillation it yields an inflamaaabJieli^iior, a 
yjellowiih oily J&uid, which ibon becomes of a 
4eep green, and a white IWbUmate, whida bums 
im the flame of a candle with a fine l^lue colour* 
Tht refnl^um is in the ikt« of ^ pyr 0f)tmrB> but 

. » little 
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little combuflible. Hence we fee vinegar muft 
clfiblve the kind of tinning made with zinc. Dn 
Ldplaiiche has proved, that the acetite of zinc 
is not dangerous to the animal economy. 

£7. Acetous acid doesf not diffolve quickfilver 
in the metallic (late. This combination how* 
ever is effedled by agitating it ftrongly by means 
of whi(ks or agitators, as Keyfer did. In this: 
operation the quickfilver is firft converted into 
black oxide, and afterward diflblved in the acid. 

Quickfilver in the ftate of oxide is eafily united 
with the acetous acid. It is fufficient to boil 
this acid on the red oxide of mercury, called 
precipitate per /e, or turbith mineral, or on mer- 
cery q>r^cipitated from its nitric folution by pot- 
4ih. The liquor becomes white, and grows clear 
when it boils ; it is then to be filtered : on re- 
frigeration filvery cryftals are precipitated from 
it-in little fpangles, or in firiated laminas fimilar to 
the boracic acid. This acetite of quickfilver has 
been called foliated earth of mercury. It is 
prepared extemporaneoufly by pouring a nitric 
folution of quickfilver into a folution of acetite 
of pot-^afii : tlie nitric 4u:id unites with the fixed 
alkali of the latter fait, forming with it nitre, 
which remains diflblved in tlie li-quor ; and the 
oxide of mercury, combined with the acid| of . 
vinegar, precipitates at firft in a yellowifii whitij 
powder, and afterwards in the form of ihining 
fpangles, particularly, if the liquor be evaporated. 
The mixture being filtered, the acetite of mer* 
cury remains on the filter. This fait is dec6m« 

pofed 
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pofed by the a6iion of fire : its refid«um yields 
a fort of pyrophorus. It is eafily altered by coxnr 
buftible vapours ; is acrid, and is not very fafe 
as a medicine. 

28. Tin is little altered by the ac^etous acid. 
- This acid diffolves but a fmall quantity of i^ 

and the folution, when evaporated, yields ac- 
cording to Citizen Monnet a yellowifh cruft, 
fimilar to a gum, and of a fetid fmelL 

29. Lead is one of the metals on Vhich the 
acetous acid has moft aclion. This acid oxides 
it, and diflblves its oxides M'ith the greateft fa^ 
cility. On expofing flieets of this metal to the 
vapour of warm vinegar, they become covered 
with a white powder, called cerufe, which is 
nothing but an oxide of lead containing a little 
vinegar. This oxide, ground with a third part 
of chalk, forms white lead. To faturate vinegar 
with all the oxide of lead it can diflblve, this 
acid is poured on cerufe in a matrafs : the mix- 
ture is digefted in a faqd-heat: the liquor is fil- 
tered, after it hasftbod in digeftion fome hours: 
it is then evaporated to a pellicle : and it fur- 
niflies, by refrigeration and repofe, w^hite cryftals, 
which are ihapelefs needles, if the liquor were 
too much concentrated, and flattened paralle- 
lopipeds, terminated by two bevilled furfaces, 
if the evaporation were properly conduced. This 
acetite of lead has been called fait ox fugar of 
faturn on account of its faccharrne tafte, which 

is at the fame time flightly ftyptic. 

A fimilar 
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A fimilar fait is prepared with the Vitreous 
oxide of lead, or Htharge, and vinegar. Equal 
parts of thefe two fubftances are boiled togethet 
to faturatron ; evaporated to the confidence of 
a thin fyrup ; and we have then Goulard^s a.r- 
Jraci of faturn^ known loiig before hi$ time by 
the name of vinegar of faturn. 

The acetite of lead is decompofed by heat : oti 
diftillation it affords' an acid^ red, very fetid liquor, 
differing, greatly from the acetic acid, Avhich will 
be mentioned prefently. Th^ refiduum of the 
diftillation is a very good pyrophorus. This fait 
is decompofed by diftilled water, by lime, the 
alkalis, and the acids with fimple radicals, as 
well as by feveral vegetables, which yield with it 
infoluble falts; and mixed with a little brandy 
. it forms the vegeto-mineral water. 

30. The acetous acid diflfolves iroh with ac- 
tivity. The effervefcence that takes place in 
this folution is owing to the difengagement of 
hidrogen gas furnifhed by the water, which is 
decompofed. The liquor affumes a red or brown 
colour. By evaporation it yields only a gelati- 
nous magma, mixed with fome bfown elongated 
cryftals. The acetite of iron has a ftyptic and 
fweetifh tafte : it is decompofed by heat, and lets 
its acid efcapc: it attracts the moifture of the air : 
it is decompofed in a large quantity of diflilled 
water. When it is heated till it yields no more 
- fmell of vinegar, it leaves a yellowifli oxide, ea- 
fily reducible^ and attracted by the magnet The 
. acetous folution of iron yields a very black ink 

Vol. VilL T with 
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with galls, ana may be employed with fuccefs in 
dyeing: alkaline prraffiates precipitate from it a 
very brilliant Fruflran blue : pure alkalis, in par- 
ticular ammonia, feparate the iron fram it in 
the (late of an oxide alnK)ft Wack, and this pre- 
cipitation has been propofed for preparing the 
martial ethiops. The black, yellowj and brown 
oxides of iron, and the native carbonate of 
iron, or fparry iron ore, afford very fine red fo- 
lutions with acetous acid. 

3 1 . Copper is oxided and diffolved with great 
facility in the acetous acid. The folution of 
this metal, afTifted by beat, gradually afTamesa 
green colour : but this is more eaffly produced 
with the metal already altered and oxided by 
vinegar. Copper thus oxided, is the verdet grisy 
or verdigris. It is prepared in the neighbour- 
hood of Montpelier by putting fheeta of tliin 
metal into earthen pots with grape ftalks, which 
had been previoufly wetted and fet to ferment 
with tl>e refiduum left after diftilling brandy 
from wine. The furface of thefe flieets is foon 
covered with a green ruft, which is increafed by 
placing them in heaps, and fprinkling them with 
vinegar : the copper is then fcraped, and the 
verdigris is packed up in flcin bags as an ar- 
ticle of trade. . Montet, an apothecary at Mont- 
pelier, has very welt defcribed this manufafture 
in t>vo Memoirs printed among thofe of the 
Academy of Sciences in 1750 and 1753. 

Citizen Cliaptal has made known to the In- 
ftitute the improved proceffes at prefent em- 
ployed 
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jployed for this pi'e|)aratioti. It has been remarked 
that the acetite of coppet was formerly prepared 
with dried grape-ftalks, which were foaked for 
a weelj;: in the liquol* left after diftilling brandy 
from wine, and afterward fet to drain in a bafket : 
thefe w-efe put into an earthen pot, called an 
vule^ and fout litres of wine were poured in, 
with which the ftalks were well impregnated by 
ftirring and fqueezitig them with the hand in the 
liquor : as foon as the fermentation and heat 
fubfided, the ftalks were taken out, and laid in 
layers with the fheets of copper. 

At prefent we take the grapes^ from which the 
juice has been, preffed ; put them .into a cafk, 
railing them up and giving them air ; fet them 
to ferment; and place them with flieets of copper, 
ftratum fuper ftratunn, in earthen pots or oules 
made for this purpofe. In ten or fifteen days 
, the copper flieets will be covered with little filky 
cryftals ; and then they are placed edgewife on 
rods arranged for the purpofe in a corner of the . 
manufadory. After remaining thus three or 
four days, they are dipped in water, and replaced 
on the rods; This immerfion and defliccation are 
-repeated once a week for near two months : and 
then the coat of verdigris, that covers both 
fides of each fllicet of copper, is fcraped off with 
a wooden knife* It is obvious, that this latter 
procefs which is generally adopted, has every 
-advantage : inftead of confuming a large quan- 
'tity'bf winelike the former, it requires only a 
^odiril of no valtie; " "* 

T 2 Verdigris 
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Verdigris diffolves fpeedily in acetous acid. 
This folution, which is of a fine greenifh-blui? 
colour, furnifhes by evaporation and refrige- 
ration deep blue cryftals in truncated quad- 
rangular pyramids, to which have been given 
the name of *cerdet, or cryjials of Venus. Thofe 
that are prepared as an article of trade, and 
called diftilled verdigris, becaufe they are made 
with diftilled vinegar, are in the form of a 
beautiful pyramid : the cryftals arranging them- 
felyes in this manner, becaufe they arc depoli ted 
on a ftick cleft in four at one end, and the parts 
, kept feparate by a bit of cork. Citizen Chaptal 
recommends it to be prepared by mixing a folu- 
tion of fulphate of copper with a folution of ace- 
tite of lead ; when a fulphate of lead would he 
precipitated, which might be ufed for white 
lead, and the fupernatant liquor would contain 
acetite of copper, which might be obtained by 
evaporation. 

This fait has a ftrong tafte, and is very poi^ 
fonoiis^; It is efflorefcent, very foluble, andde- 
compofable. by all the alkalis. Expofed tq the 
fire, and by diftillation, It gives out its acid ip 
a peculiar ftate, which will be mentioned farther 
on. 

32. The acetous acid diflblves oxide of filver. 
of gold, and of platina, particularly by the af- 
fiftanceof heat. Thefe acrid and cauftic folu- 
tions are decompofed by fire, by alkalis, by .the 
hidro-fulphurets, and hidrogenized fulphurets, 
Bergman has remarked, that this acetous folution 

of 
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of gold produces fulminating gold with ammo- 
nia. For the reft, this acid has no a^ion on 
thefe three metals, the leaft oxidable of any 
known, whatever the alchemifts have faid. 

35. Vinegar is ca|)able of uniting with many 
of the iqimediate matertals of vegetables. It, 
dilTolves the extracts, mucilages, and effential 
falts : it even a6ls a little on the gura-refms and 
oils: itiseafily united with the extra^ve and 
<jtolouring matters of vegetables, fo as to acquire : 
theh^ tafte, fmdl, arid medicinal or agiijeable 
pMpirties. On thife is founded the art '6f raak^ 
irig medicinal vinegarsj vinegars for the tablie 
and thte toilet, and aromatic vmegarS, - by 
limple infufiori' or . diftillation : - thtf' ' pretenc6 
formerly 'hfeld* ' out ■ of > fabricating • veiV ' ' impbt^ 
tatit toicdiciiiW Vinegars by ♦ fermenting Wtdi- 
iJiti'al' hei4jis ^Vith *w4ik? has lofti^'b^n exploded' stfi^ 
an erron .. 

Vinegar likewlfe diffolves very readily "the 
gliit^riidf ^beaten flotiY^ ahd Sve- riiay fepiriife^ 
tJiia fubftantie, w^ its daftitillyatiA' charaaei^- 
ifiifc properties, from^'this^folutiot^, evfen after 
it has been kept feveral years, by meanfs =of 
adkaiisi. 
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SilCTION V, 

■ • • ' • 

Of th$ different Modifications or Species of 

Acids afforded b^ Vinegar.* 

■ '. ' . * 

34, IT has been fecn hy. the detail of th^ fvcn 
perti^ hitherto defcribedi that the apid of vinegar 
is liable to be. found in certain peculiar modiigpf^; 
tions, and that it might be diitinguiOied in eae^r 
of thefe, if n.ot as a feparate fpecies> y Qt as a; xaxiety; 
deiisrving a Q^ecial and r determinate denomina^ 
tion* Thus to the woyd vineg?^ we add thofe of 
Concentrated by froji J tO: diftingijiflx that wjiich 
has b^n deprived of part of its t^etpi* byigoogglar 
tion 5 ■ and the word bfiikd, to indicate jdiafi (fpior 
fervatory efFe6l;, which a few minutes of^ ebul- 
lition produce in it Thus alfo the ^x^effipn 
of acetous /acidy fynonimous withjthat oi^ij^ilkd 
mnegar, diftinguilhes andi fti^fl^cieptly v^pharac^- 
teri^es its nature, fo. &$, tor kave> no Tc?pm fw 
niiftakerefpeding them, v * ; .^^-• 

35. No doubt frefh obfervations, mada with 
much care, will hereafter lead us to confider as 
^ particular variety of this acid that which is 
obtained by the diftillation of earthy or alkaline 
acetites, and that which is expelled by heat from 
the acetite of lead* But of all the modifications 
of this acid, that which has been hitherto moft 
carefully diftinguiflicd, moft ftudied, and has in 



ACID OF VINEGAR. t79 

fafl; exhibited to the obferver the moft ftriking 
and remarkable differences^, is the produft of 
the decompofition of the cryftallized acetite of 
copper by means of heat. 

S6. When this fait reduced to powder is diftil- 
led in a glafs or eai then retort with a receiver, 
a fluid is obtained, at firft clear and of little 
acidity, but which foon acquires a confiderabie 
degree, infomuch that it feems to equal the con- 
centration of the mineral acids. The receiver 
is changed, in order to have thefe two produds 
feparate; the latter of which lias been called ra- 
dical vinegar, or vinegar of Venus* Hiis acid 
is coloured green by a certain quantity of oxide 
of coppei*, which it carries over with it in diftiL 
latiou. When nothing more comes over, and 
the retort is red-hot, the refiduum this contains 
is in the form of a brown copper coloured pow^ 
der, and often gives to the fides of the veffel 

the ihining appearance of this nxet^il. The re* 

fiduum is ftrongly pyrophoric : it coxitains but 

little oxide, with a little charcoal. 

The vinegar of Venus is xedified by diftilla- 

tion wi;th a gentle heat. It is then perfedly 
pale and deai', if we take care that the fire be 

jiot too ftrong tpward the end of the operation, 
and that the portion of oxide of copper, which 
rjemains in the retort, be not too much dried. 

37. The redudion of the copper, obferved in 
this experimefit, elucidates the nature of the radi- 
cal vinegar. It was formerly obferved, th^t this / 
Acid is to common vinegar what the oxigenated 

muriatip 
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muriatic acid is to the pure muriatic, or lUther 
what the fulphuric acid is to the fulphureous, and- 
the nitric acid to the nitrous. In this operation, 
the acetous acid appeared to unite with the oxigen 
of thp oxide of copper, which at the fame time 
paffed to the metallic ftate. The efFe6te produced 
by radical vinegar, differing confiderably from 
thofe of common vinegar, feemed therefore 
oAving to the excefs of oxigen, which this acid 
had acquired. Such was the theory adopted by 
Citizen Berthollet : and it was on this account 
that the acid was called acetic, conformably to 
the rules of nomenclature fo often exhibited in 
this work. 

But Citizen Per^s, a druggift, firft begap pub- 
licly to exprefs doubts refpefting the compound 
nature of this acid ; and to affirm, both from 
feveral fafls already known but more accurately 
compared by him, and from feme experiments of 
his own, that the only difference exifling be- 
tween this acid and the acetous might very 
well be afcribed to the proportion of carbon 
being Jpfs in the former, and greater in the 
latter. 

At the end of the j^ear 6, Citizen Adet read 
at the Inflitute a Memoir on the difference of 
thefe two acids, in which he defcribed feveral 
new experiments on the diftillation and produ6h 
of acctite of copper, on the treatment .of the 
acetous acid by oxide of manganefe, and on the 
combinations of the acetic acid compared with 
thofe. of the acetous. After having Ihown, that 

water 
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water and carbonic acid are formed, and that 
<!arbon is left bare, during the diftillation of 
acetite of copper ; that the acetous acid diftilled 
upon oxide of manganefe never becomes oxigeu- 
ated ; that the acetic acid united with metallic 
osiides does not comport itfelf differently from 
the acetous acid ; that the acetic acid does not 
attack metals any more than the acetous ; and 
that the falts formed by the two acids with earthy 
and alkaline bafes exhibit but very flight dif- 
ferences ; he thought himfelf warranted to con- 
clude from his labours: 1ft, that the acid of 
vinegar abforbs no oxigen in its combination, 
with oxide of copper, and does not exhibit itfelf 
in two different ttates : 2dly, that it is always in: 
the higheft degree of oxigenation, and always 
in the ftate of acetic acidt, even in that of diftilled: 
vinegar, hitherto called acetous acid : Sdly, that?/ 
no acetous acid properly fo called exifts,' unlefs 
we think fit to give this name to the tartardus 
and malic acids, which become acetic acid by 
the addition of oxigen : 4thly, that there exift.. 
no acetites, but only acetates : 5thly, and laftlyy 
that the difference between what have hitherto 
been called acetous acid and acetic acid appear, 
to him to depend folely on the concentrated ftate 
of the former, and its containing a much fmaller 
quantity of water than the latter. 

38. But this conclufion of Citizen Adet appears, 
in truth a little forced, and not reftrided with the 
precifion exprefled in the experiments preceding 
it In fa^ we cannot avoid perceiving differ- 
ences 
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ences between the two acids announced m Ae 
experiments of Citizen Adet himfelf, particularly 
in their combinations : differences of which this 
chemift profeffes that his fliall endeavour to in- 
veftigate the caufe. ^ 

Laftly, Citizen Chaptal has employed himfelf 
on this fubje6l ;^ and about a month after the 
publication of Citizen Adet's labours, he com- 
municated to the philomathic fociety fome ob* 
fervations arid experiments, whence he con" 
ceived himfelf juftified in drawing inferences 
fomcwhat different from thofe of Citizen Adet 
The acetous and acetic acids, previoufly re* 
duced to the fame degree of fpecific gravity and 
concentration by means of water, prefented 
a great difference in fmell and tafte : the 
acetic^ which was mucih more acrid, formed a 
WcUxryftallized fait with oxide of copper; the 
abetous became fcarcely tinged, of a bluilh-green, 
and afforded only a faline crufl : the acetous 
required one fixth lefs of pot-afh to faturate it 
than the acetic. On diflilling each with a 
fourth of its weight of fulphuric acid, the mix- 
ture of acetous acid became coloured of a deep 
i'ed, that of acetic of a ftraw^colour ; the acetous, 
leaving charcoal in the retort, came nearer to 
the acetic : the acetite and acetate of pot-afh 
being both evaporated to dryncfs, and alike 
diftillied by a fire, graduated fo as to decompofe 
them completely, the former left a thirteenth of 
its weight, the latter a feventeenth. On diflilling 
the acetite of copper, a portion of tlie carbon of 

the 
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the acQtous acid attacks the ©xigjen of tlTet)xicle 
of CQppcr,-,and Qies off in carbonic acid ; another 
remaiiis in its natural ftate with the copper: 
thus^the acetous acid paffea to the acetic 'ftate 
by lofing a part of its carbon, which the ackls: 
or metallie oxides feparate from it. 

Giti^wi Chaptal concUides from thefe experi- 
ments, that the acetous and acetic acids really 
differ from, each othei;, in the former contain* 
ing.more carbon than the latter ; that the acetous 
acid becotties acetic only hy parting with carbon; 
aiMj, that the ,nxodification depends only on the 
fii^tra^iiion df carbon, or diminution of the ra- 
dical, not on the addition of oxigen^ or the aug- 
jnentatift!i:of the acidifier, as takes place in acids 
with fimpllB radicals.. 

In fa6l it is to be remarked here, that the hi- 
n84X hidro^carhonated radical of this, acid miUfc 
undergo a change, when thepro[xirtion of <5arboif 
in it i^ diwniihed^ that after this it no longer 
cont^n^ in r^alidty . the fame radical ; that coniJg-. 
quently it'i$ noti^offible to nrake it again retuW 
to the ftatfeof acetous adid ; -blkt^tfe^tH6r<?rtJle4 
lefs'thaiactd^ thusidecaaJbonated may-ftflt be con* 
fidcred an: an acid more oxig^^nated tban the 
acetous, iince the proportion of the atidiffer is 
in fadi aiigmented by^diininifliifig that 6f th^ 
carbon^and tiaat thprefbue it ought to ^'-retdin? 
ike apjpcllation. of acetic «eid tTe fl^aU-prdoecd 
tjo dcfctmbd ifeiidiftinguifhing propertiesr. ^- -"-^^ « 

S9» Tbe:atetic.acid wellrefiified h offuch a 

briik . and. paietratiDgt fwell, tlsat^ it is , mpaffi blp- 
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tizen Latit-aguaJii. Yet many French clieihilb 
liave 'repeated the procefs ; and I caH affirm^ 
that I have performed it myfelf Ivith fuccefs^ 
-though it is true I obtained but a fmall quantity 
of ether, compared with what is formed by the 
powerful acids. 

Citizen Laplanehe^ a druggift at Paris, pre- 
pares acetic ether by pouring concentrated ful- 
phuric acid and alcohol on acetite of kad in- 
troduced into a retort* The theory and pradicc 
of this operation, are precifely the fame with 
thofe of the nitric and muriatic ethers prepared 
by a fimilar procefs* 

The acetic ether has an agreeable fmell like 
all the other ethers, but the fmell of acetic acid 
may be diftinguiftied in it. It is very volatile 
and very inflammable : it burns with a vivid 
flame, and leaves a coally mark after com- 
buftion* 

41, The a6lion which acetic acid exerts on 
the immediate materials of vegetablcs'Tbas not 
been appreciated in comparifon with that of 
the acetous : if it have any different effefls, 
they are no doubt owing to its adivity and 
energy. It has not yet been ufed for any pur* 
pofc in pharmacy or manufactures, fo that we 
are altogether ignorant whether it have any 
thing diftinft in its mode of aClion in thefe re* 
IpeSs. 
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StCTiOK VI. 

Of the Uft$ of Acetous Acid* 

42. EVERY one knows how much commoti 
vinegar is ufed for domeftic purpofes, and what 
important fervices it renders fociety : it is the 
moft frequent and ufeful condiment that can be 
employed : it is mixed and united with all kinds 
of food, the infipidity df which it conceafe, or 
heightens their flavour. There are ^tvf perfons 
to whom it is not agreeable. It is drank mixed 
with water, and often in combination with fu- 
gar or honey. The Romans made their foldiers 
drink water acidulated with vinegar, pofca^ 
and to this cuftom is afcribed the permanent 
healthinefs of their armies. Notwithftanding the 
benefits of vinegar, and its general ufe in fea- 
foning, the abufe or excefs of it is injurious : it 
diforders the ftomach, and enfeebles it, diffolves 
and foftens the organic texture, and produces 
leannefs. It is ufed as a prefervative againft 
peftilential difcafes. It enables us likewife to 
keep fruits, certain leaves, and feveral alimen- 
tary fubflances, which are left to macerate in it 
a longer or fliorter time. 

43. Phyfxcians have greatly multiplied the 
«ii4» of viof gar as a medicine ; it is refrefliing^ 

. ' coolings 
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tooling, antifeptic, anti-bilious. A very agrees 
able fyrup is made of it : it is combined with 
honey ; and to this preparation, called oxymel^ 
fquills are added, and even colchicum, to render 
it diuretic, aperitive, incifive. Common vine- 
gar is the vehicle of many medicaments: a 
great number of different plants are infufed or 
macerated in it, to prepare the vinegar of fquills 
and of meadow-f^ffron, aromatic, bitter, anti- 
fcorbutic, and theriacal vinegar, and that of the 
four thieves. It is diftilled with very aromatic 
plants, to obtain odoriferous vinegars, intended 
chiefly for the toilet. The various common 
preparations defigned for the table, made by in- 
fufions in vinegar, are well known ; particulariy 
elder vinegar, rofe vinegar, tarragon vinegar, 
garlic vinegar, and all the varieties that have 
been invented, to multiply the flavours and 
fmells of this liquid. 

44. The acetous acid, or diftilled vinegar, is 
employed in a great number of pharmaceutical 
combinations. As the acetites of pot-aih and 
foda, which are prefcribed as attenuants in dofes 
of a few grammes: the acetite of ammonia, 
which is adminiftercd as a cordial by the name 
of fpii^it of Mindererus : the acetite of quick- . 
filver, called foliated earth of mercury y which 
forms the bafis of Keyfer's remedy for venereil 
difeafes: the acetite of lead, frequently pre* 
fcribed for external ufe in the medicaments, 
called extraSt of faturn, falt^ or *cinegar of 
faturuy vegeto-mineral water^ cerate (jffatum^ 

1 but 



USES OF ACETOUS ACID. 289 

but which ought to be employed with great pru- 
dence and moderation. The moft fkilful and 
judicious phyficians alone have a right to 
prefcribe fu.ch compofitions, which may do 
much mifchief in the hands of men ignorant 
of their effefts ; and much more ought we to 
be afraid of employing cerufe, verdigris, and 
the cryftallized acetite of copper; fubftances 
which fcarcely enter into any preparations, a 
few ointments for external ufe excepted. 

45. Thefe oxides and metallic falts, prepared 
with lead and copper by means of vinegar, are 
ufed for a great many purpofes in the arts. For 
painting in particular they are in great demand. 
It muft not be forgotten, that by employing 
them in the arts we expofe ourfelves to very fe- 
rious dangers, and to be poifoned, if we be not 
very attentive. 

46*. The acetic acid is ufed as an irritant, 
and a very a6Kve ftimulus. It is held to the 
noftrils of perfons who faint ; for which purpofe 
a fmall quantity is commonly poured on ful- 
phate of pot-afh in coarfe powder, and kept in 
a well-ftopped bottle: this preparation is very 
improperly called fait of vinegar. 

The acetic ether is begun to be employed in 
pradice. Citizen Sedillot the younger fays, he 
has ufed it with great fuccefs in friAions, and even 
internally, in rheumatic pains and affeftions. 

No other combination of the acetic acid is 
yet known or employed in the arts. 

« 
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AaricLE VI. 

« 

Of the Panary and Colouring Fermentations. 

1. IN fpeaking of the diftinfiions of the dif- 
fereut fpecies of fermentation, I have affertcd, 
that the fermentation, which I call colourings is 
a mean between the acid and putrid fermenta* 
tions, and that it was neceflary tofludy it along 
with thefe : I here add. the panary fermenta- 
tion, becaufe it would be of little uus to makt 
it the fubje6i of a particular article, and be- 
caufe it equally holds a mean between the putrid 
and the acid. ISeiides, though we fee plainly^ that 
both thefe fpontaneous movements are really 
placed between thefe two fermentations^ they 
are yet too little known, too little fludied, to 
be treated feparately, and to deferve each a 
diflin6i article. 

2. It requires but a fimple and eaiy obferva- 

tion of dough of wheaten flour, expofed to a 

temperature from fifteen to eighteen degree^ 

after being mixed with a certain proportion of 

^yeaft or pafte already fermented, to &tisfy our- 

felves that it experiences in fa6l a real fermentiH 
tion. This dough rifes, fwells, increafes in bulk, 
dilutes intenially, feparates in fome points, and 
becomes filled with cavities or eyes, manifeftly 
produced by the extrication of an elallic fluid. 

• At 
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At the fame time it is obferved to grow warm, 
It changes its colour, it does not retain its 
vifcous and adheiive coniiftence ; it acquires a 
fmell fomewhat pungent, and a tafte altogether 
different from the kind of infipidity which it 
poffeffed before this movement In thefe figns 
we cannot eafily avoid difcovering a true fer- 
mentation. 

3. Attempts have been made to determine 
in what this fermentative motion of dough 
confifts ; and to iliow that it is not a particular 
fcjrmentation, but merely the three fermenta- 
tions arifing iimultaneoufly and reciprocally^ 
confining the effeds of each other to their com- 
mencement. ^According to this opinion, the 
feculent matter of the flour tends to grow 
four, while the facchartne mucous fubftance be- 
come vifcid, and the gluten putrifies. From 
thefe three movements coinciding, and mutuajly 
reftriding each other, proceeds the mixed fer« 
mentation, which gives rife to leavened doughy 
and produces light, delicate bread, agreeable to 
the tafle, and eafy of digeftion. 

4« But this niode of viewing the fubje^ is 
not yet fupported by any fubftantial 'proofs. 
There is not enough faccharine matter in flour, 
and what is in it is not fufhciently free, to 
produce the \lightef); movement of vinousx &r- 
mentation: the fecula is neither fufficiently at 
liberty, nor fufficiently heated, to pafs into the 
ilate of acetification in the ihort fpace during 
whJN^I&e dough is riiing. We have nothing 
. Us Jeft 
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left therefore but the glutinous matter, which 
is more abundant, more diluted, pibrc raifed by 
the water it has abforbed; much more difpofed 
than the other component parts of the flour to 
undergo an intefline movement, which divides^ 
feparates, and rarefies the mafs ; which parts it 
fo eafily into flakes by its fimplc difpofition ; 
which fills it, and forms the cavities fo well 
known in bread duly rifen, and properly baked; 
which tends fpeedily to decompofe it com- 
pletely, almofl: in the manner of animal fub- 
ftances. Though it is certain that it pafles 
through iaH acid ftage, wheh it is fuffered to go 
beyond the fimple rifing, which bread ought to 
have, it is equally fo, that it likewife tends 
readily to putrify. 

' 5. ^hus without having recourfe to the fimul« 
taneo\ifn'eft of three fermentations, we may 
admit one in the gluten of the flour, which 
ferriieiitatibn is neither an aeetification, nor a 
formation of wine, nor a putrefaction, but ra- 
ther 4 commencement of putrid decompofition, 
which only divides the mafs, diminiflies, nay 
deftroys its vifcofity, extricates from it fome 
bubbles of elaftic fluids, modifies its tafte and 
fmellj in a word, changes its properties in a 
very remarkable manner. Unqueftionably it is 
not a ferrnentation completed, for then it would 
be a putrefa6lion: it is but a firft fl:age of fer- 
melitation, which art checks, after having ex- 
cited it, after having brought it to fuch a pointy 
as to give the dough that degree of attenuation 

and 
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and lightnefe, which was requifite to make good 
bread ; for which reafon the name of panary 
fermentation h^i'^ been given it: it is far from 
being terminated; it has fcarcely begun .'to a6l 
on the dough, and tliis has fcarcely begun to 
rife, when its progrefs is flopped by the baking, 
to which the inafs is fubje^led, in order to give 
it the tafte and defirable properties of bread. , 
6. It i« thefame with the colouring fermentar 
tion, which is only carried a little further in 
the procefles of art, than that which dough for 
bread is made to undergo. Like this, too, it is 
only a real decompofition more or lefs advanced 
toward putrefaftion, a commencement of refo-.- 
lution, which tends to deftroy the vegetable 
matter completely. There is no perfon who has 
not obferved, that, in the courfe of this putrid 
decompofition, the vegetable fubftances that un- 
dergo it, atfume in general a more or lefs de* 
cided colour. Thus fruits grow darker and 
bro^vn, muflirooms become black, mucilages 
change yellow arid red ; leaves immerfed in wa* 
ter feem at firft to acquire a deeper green, and 
afterward affume a brownnefs which approaches 
to black. Thus the whiteft vegetable falts, th* 
tartrites and acetites, exhibit in their tranfpa*- 
rent folutions, yellow^ brown, and blackifli 
clouds or flakes, the mucous products; of their 
How alteration, which at length depofit carbo- . 
nace<^us particle*. 

7. This confiderably accurate, though very genc^ 
i-al notion, ought to be applied to wh^t pafles in 

the 
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the preparation of feveral colouring matters de- 
rived from vegetable fubftances, which are fer- 
mented in the preparation of weld brwoad, and 
of indigo. This phenomenon is pretty accurately 
proved : the fine blue colouration, the formation 
of the moft beautiful, moft lading, and mod 
valuable colour, that the art of dyeing polTefleSi 
is the produce of a real fermentation : and 
iince the plant alone immerfed in water undet- 
goes/ in order to aflume this tint, an intefline 
motion of which there are indubitable figns in 
the increafe of volume and temperature, the 
rifing of a fcum, and a coniiderable noife, 
and the rather copious extrication of an elaf- 
tic fluid mixed with carbonic acid and car** 
bonated hidrogen gas; we cannot avoid ac- 
knowledging this fermentation to be the true 
fource of the colouring matter formed, fince 
this does not appear without unequivocal figns 

i of the fermentation. 

8. But is it a fa6t, as it has appeared to fome 
modern writers, that this colouration is a parti- 
cular fermentation, that it deferves to be ciare- 
fully diftingniilied from all others, and even 
exprefled by a fpecial name, as I have done in 
this article, to ftrike the attention of all who 
would ftudy vegetable chemiftry with care? I 
do not think, that in the prefent ftate of our 
knowledge We can embrace fuch an opinion. 
No doubt, from the peculiar produ6l obtained, 
which is not lefs remarkable than ufeful, we 

may adopt the term of colouring fermentation, 
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if we attach only this idea to it ; but we ought 
not by this to underfland, that it is a move- 
ment different from all others with which we arc 
acquainted : we Ifaould conceive it folely to in- 
dicate the peculiarity of the produ6l. 

9. The panary and colouring fermentations 
then are truly and effentially nothing but 
commencements of fpontaneous decompofition^ 
which would quickly terminate in the putrefac- 
tion and complete diflblution of the vegetable 
matters, if they were not flopped at a certain 
point, by fubjefting the produ^ of the former to 
that baking which converts it into bread; and 
by removing the divided and blue fecula of the 
other out of the liquor, in which it is proceed- 
ing toward putrefaftion, and to dry it quickly. 
In the former, the dough is on the verge of 
acidity, when it is put into the oven: in the 
latter, a confiderable quantity of carbonic acid 
and of ammonia is already formed at the ex- 
penfe of the plant, and if the produ6lion of either 
of thefe were to continue, a complete diflblu- 
tion of the vegetable would be the confe- 
quence; but being flopped in due time, this 
decompofition exhibits a matter already very 
xrarbonaceous, of which carbon conflitutes the 
principle in excefs, and renders itis durability as 
a colouring fubflance fo great, and its alteration 
Jio difficult 



AbtiCLB 



t 



S96 PUTRID FEEMBNTATIOK. 



. 1 



Article: VII. 
^ Of the Putrid Fermentation. 

1. PUTREFACTION is the laft kind of fer- 
mentation I taye diftinguiflied, and it is in faft 
that which terminates all the others, and elFefts 
the complete decompofition of vegetables. No 
part of plants Ji^ exempt from this movement, 
and yet we may keep almoft all free from it, by 
depriving the^n of water, the contaft of air 
and heat.. Some ancient chemifts, Beclier in 
particular, had eftabliflied a fort of comparifon 
between putrefa6lion and combuftion ; and this 
idea, though it was difficult to prove it pro- 
perly in remote times, was founded on an ob- 
fervation well made, and has been confirmed in 
our days. 

,2. For putrefaction to take place in ve- 
getables many circumftdnces are neceflary* 
Their texture muft be relaxed by water : all dry 
vegetable matters keep without alteration ; on 
the contrary, all that are fufficiently moiilened 
rot This happens to the hardeft woods, the drieft 
cords, the tougheft ftalks. The contad of air 
contributes greatly to produce and keep up this 
movement : we have a great number of fafts of 
flowers and fruits being preferved frefli and found 
in a vacuum, or in places well clofed and fecured 

from 
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from the contaft of air. A high temperature is 
jiotineceflary to keep up vegetable putrefadlion : 
ten or fifteen degrees are fufficient, though a 
greater heat is not detrimental, but accekrates 
it ; yet it muft not be fo great as to produce 
that drynefs which .is a prefervative from it. 
Exficcation in an oven is the moft antifeptic pro- 
cefs known for all vegetable Tubftances what- 
ever. iQuantities of vegetabks heaped together, 
but not compreffed, Angularly favour this fpon- 
taneous analyfis. 

3. All the <;onditions requifite to putrefac*- 
tion being united, this decompofit ion 'Announces 
itfelf by a change of colour and eohfiftency in 
the parts of plants.; their texture relaxes and 
foftens; their laminagy their ^fibres feparate and 
rife up; then* foft-'and fluid parts fwelVand be- 
come covered with feiiih : elaftic fluids diftend 
them, traverfe them, and, efcape from them: 
their temperature increafes, and fometimeseven 
fo ! as to ' produce, conflagration. The gafes 
evolved, which are accompanied with a fmell 
At firft but little difagreeabl?, afterward mufty 
or mouldy, then faint,- fetid, "flightlyammonia- 
cal, are compounds of carbonated hidrogen gas, 
carbonic acid gas^ and azote gas. Thefe phe- 
nomena diminilh, and grow weaker by degrees, 
after havijng continued a longer or fliorter time, 
according to the confiftency of the vegetable, 
which lofes much of its fubftance in matter 
that evaporates, and leaves only a refiduum more 
or lefs abundant, of a blackilli colour, and con- 
taining 
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taining tlie mod fixed of the materials that en* 
tered into its compoiition ; namely, the earths^ 
the acids that faturated them, and part of the 
carbon which gave it confiftency. 

4. In thefe conditions, and in thefc pheno- 
mena, as well as in the produdls of the putrid fer* 
mentation of vegetables, we manifeftly perceive 
the influence of the numerous attractions^ which 
the materials that enter into the compoiition of 
their texture exercife on one another. The hi- 
drogen in particular unites with the oxigen, 
And flies off as water ; or is evolved as gas, car« 
tying with it a portion of the carbon ; while a 
third portion of this principle unites with the 
azote in plants that contain it, and forms am- 
monia ; and a fourth and lail part ilill remaini 
in the refiduum, which it colours, and to which 
it ilill imparts fmell. The carbon unites in part 
with the hidrogen evolved ; in part with the 
oxigen, which burns it, and carries it off as an 
acid ; and a part remains in the refiduum. The 
oxigen feparates itfelf from the plant with each 
of thefe two principles, with which it unites to 
make binary combinations. 

5. Among the fixed refults, the refidues af- 
forded by the putrid decompofition of vege- 
tables, we fnuil particularly diftinguifh as ufeful 
objects, hemp, and other filamentous plants 
ileeped, rotten wood, dung, and mould. 
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Section L 

Of the Jieeping of Htmp, Flax, SfipaTena^ 
cijffimay Spanijh Br^qm, Sgc. 

6. THE efFe61: of the fucceffive aftion of wa- 
ter and air on the aoro-lutinated and united 
fibres of the femiligneous ftalks of filamentous 
plants, particularly of hemp, flax, the.ftipa^ 
tenaciflima, and Spaniih broom, when they are 
kept iramerfed alternately in them, are well 
known: this operation is called rotting^ and 
the places in which it is performed are termed 
fteeping pits, ^efe plants are fteeped for 
feme days at the fides of brooks, rivulets, 
ibme ponds, and even in the midft of the wa- 
ter, being kept do^vn with ftones. The mucous 
and extractive gluten, which kept the fibres ad- 
herent, is diflblved and decompofed; the bark 
is readily detached from the interior woody tex- 
ture ; the cortical layers and their filaments are 
eafily feparated. 

7. Experience proves that running water is 
far preferable to ftagnant, though prejudice has 
impreffed a'contrary opinion on many country 
people. Boiling in water flightly impregnated 
with alkali may fupply the place of fteeping, 
which, as it is moft commonly pra£lifed, is ac- 
companied 
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companied with an infupportable flench, and a 
real putrid decompofition. It is from this laft 
well known faft that I confider hemp, and all 
other vegetable ftalks in general that have un- 
dergone this procefs of ftceping, as a fort of 
fibrous fkeletons, freed by a putrid alteration 
from every thing that furroundcd them. This 
decompofition is flopped in due time, otherwife 
it would attack the fibrous texture itfelf, if it 
were allowed to continue, and deflroy the te- 
liacity of the filaments, as happens when the 
plant is fleeped too long. 

8. With thefe flexible and folid fibres are 
fabricated thofe delicate and light cloths un- 
known to the ancients, of ^♦^hich polifhed 
natioiis make the garments they wear next 
their, fkin. Linen we know has confiderable 
flr6ngth and durability. Yet by tearing and 
grinding it, after macerating it in water andT 
fuffering it to become half rotten, is made that 
pulp of ingenious invention, which, being di- 
luted and fufpended in hot water, fubfides in a 
thin layer on very fine fieves dipped' into the 
fluid, fo as to form by precipitation thofe fheets 
of paper, which are fet to dry, and covered with 
a vegetable or animal glue, that it may be af- 

■ - # - 

terward written upon without the ink finking 
into it., 
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Section IL 

Of rotten TVood. 

9. DEAD wood, altered upon the ground in 
different manners, and known by the name of 
rotten woody is one of the moft fingUlar refults 
of the putrid decompofition of vegetables. The 
fopt.fialks of the leaves, the woody peduncles of 
flowers and fruits, flender twigs, the light ftalks 
of ihrubby plants or dried herbs, which have ac- 
quired a woody nature by deficcation, corrupt, 
change, and are decompofed ; when lying on 
the ground and heaped together witlr leaves 
upon mofs, in hollows where water coUeds, 
more or lefs covered or penetrated by this fluid, 
and at the fame time expofed to the conta6l of 
air, we fee them grow brown, blacken, fplit, 
lofe their cortical layers in little fcales or fila- 
ments, and exhibit beneath a yellowiih, bro^vnifh, 
Qr white flabby texture, without confiftency, of 
a mouldy fmell, and in a ftate of decompofition 
which is called rotten. 

JO. We fee pieces of folid timber, whole 
beams or planks, coming to this ftate in the 
period of a few years, when they are expofed to: 
damp air, or in low places, where the water does 
not naturally evaporate. Thus the wood of 
fenc^; particularly ix^ forefts and courts that 
. - have 
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have little circulation of air ; beams and planks 
in cellars ; floors and partitions in underground 
apartments, where the air is but little renewed, 
and remains conftantly loaded with moiilure; 
become foft, crack, emit a mouldy fmell, lofc 
their folidity, and at laft feparate into white, 
pliant leaves and filaments, or into powder in 
dry weather. 

11. Though all the phenomena that fucceed 
each other and take place in this fpontaneous 
deflrudiion of wood have not yet l>een defcribecj, 
or perhaps obferved with fufficient care, at leaft 
fome have been noticed and mentioned, which 
it is neceffary to record heie. For inflance, we 
know that the wood is phofphoric, or fo ftrongly 
luminous, during the courfc of this flow putrc- 
fa£iion, and almoft to the end of it, as to exhibit 
lingular fpeftacles in the fields and woods. We 
know, that it conftantly emits fuch a fmell, ai 
is found in the clafs of agarics and fpunks, the 
produ6iion of which feems frequently to be the 
confequence of this putrefadion : we know that 
the mucous, extra6live, feculent, oleaginous 
matters, which form a part of the compofition 
of vegetables, are gradually deftro^-ed, and 
efcape from the ligneous fubftance during this 
decompofition ; and that they are found no 
more, or at leaft are found in a ftate much al- 
tered, yet but little afcertained, and deferving 
further examination. 

12. When we examine the laft refiduum of 
thefe rotten woods^ we remark that thpy Jiave 

loft, 
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lofl^ befides their folidity and their confiftence, 
the greater part of their primitive matter, weight, 
and ligneous property. Their combuftibility is 
iingularly diminiihed : they bum feebly and ra^ 
pidly ; they give out little heat ; they leave little 
cinder, but this cinder is flrongly faliue, and 
many chemifts have obferved, that among the 
falts obtained from it, fulphate of foda is con- 
iiantly found in greater quantity than it is ufual 
to procure it from vegetable fubilahces. Thefe 
firft fa6is refpe6ting the nature of rotten woods, 
fufficiently ^ow^, how important it may prove 
to vegetable phyfics, carefully to obferve and 
attend to every thing that concerns the fpon- 
tancous alterations, to which they are liable*^ 



Section III. 

Of Dung. 

IS. THOUGH at fijft view there appears to be 
nothing in the flow decompofition of the flems 
of herbaceous plants, and the fialks of grafles, 
that differs eflentially from that of other folid 
vegetable matters : yet the fort of phenomenon 
they then undergo, and the prod u6i they furnifh 
under the name of dung^ have a claim on our 
attention for a few moments, on account of their 
important ufe in agriculture. By the term dung^ 
however^ I do not here underiiand with the 

generality 
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geriierality of farmers that diverfifieS heap, that 
chaos of animal and vegetable fubftances, various 
in their natur<^, that filth of everykind, that is 
heaped on the ftraw which has ferved as litter to 
animals, and which, particularly impregnated 
with their liquid and foUd excrements, after- 
ward furni flies land with a very nutritious ma- 
nure : in this point of view it will be treated of 

« 

in another place. 

14. At prefent I confider only the pure^' re- 
mains of the culms or herbaceous (talks of all 
plants, which, after having been heaped toge- 
ther and moiftened in fuch a manner as to be 
furrounded and even fermented by the air, grow 
hot, become coloured, feparate into pieces, and 
emit a fetid fmell, an aqueous vapour impreg* 
nated with carbonated hidrogen gas, and fome- 
times even ammonia : which grow foft, and 
partly diffolve into a brown (Iron g-fcen ted fluid, 
very ufeful to vegetation, and depofiting char- 
coal by a flow precipitation : and of which ano- 
ther part is reduced into a blackifli friable 
fubftance, which ultimately becofnes pulveru- 
lent, and is confounded with the earth, to which 
it is gradually reduced after pafling through 
the flate of mould, which will prefently be ex- 
amined. 

15. During this decompofition, which renders 
thefe remains x)f vegetables fo fit for meliorating, 
enriching, manuring, or forming ' the foils in 
which they are mixed by the help of the plough ; 
the principles that conftitute thefe vegetable 

compoundsi 






cofh))ouiids, r€-a£ting on one another, are united 
by the progrefs of a flow fermentation in an 
order different from that in which they had been, 
combined by vegetation, partly efcape in thei 
form of vapour, and partly diflblve in a thick 
liquor called dunghill water. Some portions of 
thefe remains preferve a folid form, notwith- 
iianding they lofe the greater part of their tex* 
ttire and organization* All thefe elements, 
combined more (imply than they were in thci 
compounds of which they made a part, tend 
gradually to reftore to the earth and air what 
they borrowed from them during their vital 
movement ; and it is by the efFeft of this de- 
compofition, that dimg is of fo much ufe as 
manure, and for the fupport of vegetation, as 
will be faid hereafter* 



Section IV. 
Of Mould. 

16» The laft ftage of the flow and fnanifeftly 
putrid decompofition of herbacdous Iftalks^ the 
end of the ^ung which in this fl:ate is faid to be 
eKhaulted, is its tedu&ion into nKiuld. By this 
term i« implied the pulverulent, blackifl^, fat 
refiduum, which duiig leaves after its total de • 
compofltion ; callfed in Ftenoh terreau; becaufe 
it refembles the Hate and ^onpi pf 4ur ealtb^ 

Voi.;Vni. X and 
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. and becaufe it adds to the terreftrialglobc ftrata, 
that cover its furface, apparently increafiug the 
extent and depth of it. In fome points of view 
it may be confidered as the ikeleton of herbaceous 
ftalks : but we fhould be ifrrong to fuppofe as 
formerly, that it confifts folely of the fixed 
matters, that enter into the compolition of thefe 
ftalks. 

17. In this laft refpccl the name of vegetable 
earthy which has been given it, can exprefs only 
its external appearance or phyfical properties. 
It muft not be confounded with an earth pro- 
perly fo called, fince earthy fubftances are fre- 
quently the leaft portion of the matters that 
conftitute mould. The firft aualyfis made of it 
a few y gars ago by Citizens Giobert and Haffen- 
fratz, iliowed the prefence of oleaginous matters^ 
extraftive fubftancesj and charcoal ftill contain- 
ing much hidrogen. Accordingly, Avhen fub- 
jected to diftillation, mould yields odorant elaftic 
fluids and liquid produds. When it is boiled 
in water, it colours it, and communicates to it 
tafte and fmell. When it is heated in contaft 
Av^ith air, it takes fire, and fometimes inflames 
with confiderable activity : but indeed it muft 
be obferved, that if mould be carefully waflied, 
organized fragments, ftalks, &g. are almoft al- 
ways found in it. There have been like wife 
found in frcfh mould, acetites and . benzoates of 
pot-alli, lime, and ammonia, fulphate and mu- 
riate of pot-afh, and a kind of faponaceous fubr 
ftance ^Ueady mentioned by Bergman. 

- - 18. Among 
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14. Among the fixed materials we find a re- 
ih$;rkable quantity of carbon in a very divided 
ftate, carbonate of lime, pbofphate of lime,-^ 
filex, alamitie, magnefia, iron, and manganefe. 
Sometinies the filex in it is very abundant : for 
it may readily be conceived, that, according to 
the nature of the plants from which it proceeds, 
the mould muft differ in the proportion of its 
fixed refiduum, and in its principles. It is 
afferted, that fmall quartz or rock cryftals, very 
regular and very tranfparent, are conftantly 
found in it : and there is nothing improbable in 
this, fince we know fo many inftances of the 
prefence and folution of filex in the organs of 
J>lants and animals. * 

19. One of the mod recent difcoveries con- 
cerning mould and vegetable earth, which at 
the fame time moft forcibly proves the combuflii- 
ble and very compound nature of this putrid 
refiduum of plants, is that which indicates in 
this fubftance a very ftrong power of abforbing 
atmofpheric oxigen with much promptnefs, and 
rediiciHg air to its azote gas. Dr. Ingenhoufz, 
who made this difcovery, and Mr. Humboldt, 
who has confirmed and extended it by fucceflive 
refearches, have both thought this abforption 
fo fl;riking, that niould might be employed for 
eudiometrical experiments. We fliall fee pre- 
fently, that this very remarkable property is of 
fuch a nature, as to throw light on vegetation, 
manures^ and foils. 

X 2 20. If 
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20, If we refle6l ever fo little on the concate- 
nation and economy of natural phenomena, we^ 
fliall perceive, that this formation of mduld, 
which is a neceffary confequence of the fuc- 
ceffive decay of vegetables, is the grand and 
fimple means employed by nature, to funiiih 3 
continual fupply of food for frefli vegetation; 
tliat fuch is in faft the charafter of the foil of 
all woody places, that it is one of the fources of 
its inexhauftible fertility, and that thus it makes 
the fame primitive matter ferve continually to 
develope all the germs that grow, and fupporC 
their life. It may be fuppofed, that art muft 
have availed itfelf of this grand obfervatlon, to 
imitate the fertility of nature, to increafe the 
prodiiflions which hum;gLn induftry demaiids, 
and. to prevent lands from being fpefedily ex- 
haufied, as they would be without this perpetual 
affiftance. . * 



Article VIII. 

r 

Of the Jlow Decompojitiifny and various CkangeSj 
whkh Vegetables undergo in the Bojbnt of the 
Earth. 

1. VEGETABLES and their parts have like- 
^ife natural modes of deftru6lion, different from 
thofe which have hitherto been defcribed, and 
which are not real fermentations. When they 

af « 
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are bUried under ground, or carried together in 
a mafs into the fea ; which frequently happens 
in confequence of earth- quakes, openings of the 
ground, the finking of cliffs, the fall of rocks 
or large mafles of fnow from the mountains, in- 
undations, torrents, currents, &c. ; they aVe ex- 
cluded from the conta6l of air, and moft fre- 
quently from the temperature ntccffary Co 
produce fermentative movements, fo that they 
undergo nothing refembling t;he vinous, acetous, 
or even putrid fermentation. Penetrated by 
aqueous molecules which never quit them, or 
which, infinuating themfelves into them from 
time to time, carry with them faline, acid, 
i?arthy, metallic, and other particles ; or wafhed 
and agitated continually by mafles of fait water 
impregnated befides by a number of matters in 

. a ftate of folution, particularly by various animal 
produftions : they find in the courfe of their 
very deftruclion the c^^ufe of new effedls and 
modifications, which change their nature, or 
which, while they retain a part of their former 
compofition, - giv6 it a very different turn or 
fafhion from what it before prefented, 

S. When we confider the feveral known 
changes, different from thofe produced by fer- 
mentation, of which vegetables are fufceptible 
in the very midft of deftrufition, and by its more 

, or lefs flow effeft, without our being able to 
attribute or compare them to their true putrefac- 
tion, we find four kinds ofproduds, equally 
formed by fubterranean alterations, and equally 

deferv+ng 
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defepving to be fludied in the ferics of chetnical 
operationSj which nature performs in the large 
way. In ord^r to appreciate their mutual reports, 
their differences, their production, and their 
ufes, I fhall here defcribe them in fucceffion 
under the heads of 

1 ft, foffil woods ; 

2d, turf or peat ; 

3d, bitumens; 

4th, petrified vegetables. 
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Section I. 

Of Fofil Wood. 

3. IN the interior part of the earth, and par- 
ticularly along the banks of moft large rivexs, 
we frequently find wood buried ten or fifteen 
metres deep, ftill very diftinguiihable, not only 
by the form, texture, and conliftence, but by the 
great quantity and ftate of the trunks and 
branches lying together in larger or fmaller 
heaps. We feldom dig near the banks of run- 
ning waters, or beneath their beds, without dif- 
covering fuch wood, fometimes in fo great 
quantity, that we cannot avoid perceiving whole 
trees, and even parts of forefts, fwallowed up by 
grand cataftrophes, fuch as we fometimes fee, 
and which occur ftill more frequently near thgfe 
great rivers of vaft uninhabited coutinents, the 

foil 
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^ \«^hich is every where covered and loaded with 
the produce of an ancient -vegetation, that has 
<:ontinucd through a long feries of ages. 

4. Thefe foffil woods are commonly of a brown 
or almoft black .colour, and of 4 foft and tender 
coniiften.ee, -as long as they remain buried. They 
readily harden, and even becoftievery hard, when 
they continue fometime expofed to the air, ftill 
preferving a dark colour^ and acquiring by defic- 
catioH a much finer and clofer textur« than they 
originally poffeffed. Sometimes they are em- 
ployed with great advantage for ceftainipufpofes 

^f building, piairticularly in places peceffarily 
more or lefs expofed to the conta^ of damp air, 
as underground apartments, &c becaufe they 
are no longer capable of « being- -affefted ' by thic 
humidity of the^tniolphere. FoJQfil wood is fiill 
extremely combuftjble : it burns with little 
ilame, but gives out great heat : it aflfords a denfe 
and heavy charcoal if it be extinguilhed when 
Jaaif burned The oil it yields on diftillation is 
letid and nearly foiid. 

5. In all tliefe properties we difcern a ligneous 
fubftance, which has undergone fome changes: 
it is }\Qt perfectly of tlie fame nature as before. 
The ftrata of wood penetrated with water haiie 
3oft a portion iof the mucous, extractive, foluble 
matter, which tl^ey containeil. They have been 
reduced more or lef$, to the jiaje of a pure woody 
Skeleton; even a portion of the external fub- 
ilajQce. of the Ijgneoui^ fibies has. been deconv 
jpofed, and reduced vto the; form and colour of 

charcoal; 
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charcoal : a part of their hidrogra has beea 
taken from them. When the water which im- 
pregnates them and keeps them feparate is 
diflipated, thefe la3rers contraA and'prefs clofely 
upon each other: hence, refults that hardnef)?^ 
that compact texture, and that ihining furface, 
which they acquire when c!ut and pohfhed; and 
hence, the little flame they emit, when burned 
in a fire-place. In fine, wc perceive that foffil 
wood, though flill ligneous, is in Hs progrefs to 
deilru6lio<n, and that a longer ftay in tlie earth 
would in the end dcftroy it completely, by di- 
ininiihing more ^nd more all the propeities .of 
vegetable matter it poflefles. Accor^ngljr, we 
fometimes find it friable, no longier cajiaJble of 
becoming dry and folid, but xrumbiing and-.fe^ 
duci|>le to a fort; of n)ould b^ rubbing. 



Sjection IL 
Of turf or Peat. 

6. THE explanation juft given of the eflfefls 
produced on wood by moifl earth, and water 
filtering through it, which thus reduce it to its 
poally (keleton, is equally applicable to plants 
buried in the earth, There aye Kkewife many 
low grounds, which, nparly on-a level with fmail 
tivers, and fometimes even below it, are alter- 
nately covered with earth an4 ieft by their 

S vatcrs, 
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wab;rs) or istdinit them in fu^h a fflapner, as to 
h§ coQtinuaJly fertpei?ite<| by th^ip, Thefe 
pounds prpclvi(^ing tin ^npr^ioi^s quantity of 
plants crpwd^4 together, inx:effqii>tly groAi^ing, 
and apQU^Uy $^c^umu)ating layer upQf^ layier, 
;J:hff r Cpiil bje(5opxe$ loaU^ to a ^rea^er or left 
depth vijth r^naiaixis of vegietaWies, 4)f herbaceon« 
(talks, inte/rwiQv^^ vith ^ach ot,her ix^ all dir^r 
tlp^^y of a l))ack ftjnd cQaiiy colour,* apdof^. 
^ifagr^^l^le <Qr eveii ff^tic) fpi^U, Vl^i/ch iiidiGate 
A <?<3!*fid^ai>|y ^dvaiH^^d ftage of V4?get»jl^ii5 ^^r 

. 7. Tibeife remains, ftiU fojlid ^nd combuftitjc^ 

ure knowq.ty tte name of fur/Qr peaf^ ix\d thp 

places from wlxich they ar^ t^iken are c^lod ^^4; 

^r ffii;rb$.rm. Tfcough pepjt Pppftfts of cohierertt 

^naiTes, b<^Jongi^ to a mu.ch Wger mafe of ow 

ifingle piece of a fubterr^oiea^i depofit^ yet hy 

Separating the jBi^menJLs which cQmpofe tl^ieir 

tjexture, we may diftingulili feveral of tl^e plants, 

^iv^hi^^h* h*vie contributed to ,4;hei,r form^^tio^. 

yi>ey ,are feparable into long, foft, browpj >cvr 

]^laick ftalks, (bnietiniei^ jind/^d of a bluiih pr 

violet cojour, which hftve loft <^e patur^l con- 

iifiepoe pf the plants to i^hicb they belonged, 

^nd are manlfeftly altered ii^ tbeif textiire as 

M'ell as in their nature, 

.8. When turf i3 he^t^d jn an app?uittu3 for 
diftill^tipu, ^Me obtain from it .a yellows reddifli 
fetid water^ an etxtremely iiiinkiag x)il, .carbo- 
nate }of Ammonia, and carbonated -hidrogen gas 
of a v^y difagree^ble fmell The reflduum is a 

poa), 
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coal, frequently pyrophoric, from which feme 
falts may be extrafted after incineration, parti- 
cularly muriates and fulphates of foda and pot>- 
afb, mixed with phofphate of lime, calcareous 
fulphate," and oxides of iron and inanganefe. 
Every perfon knows the manner in Which tuif 
burns iii ifire-places and furnaces, tlie' til- fnidl 
it emits, and the reddifli ferruginous alhes- if 
leaves. Attempts have been made with fome 
fuccefs to dived it of thcfe incdnveniencies, by 
half burning it in clofe veffels fo*.as to char it 
like wood. This procefs has certainly its ad- 
vantage. It muft be mentioned hl)\|aever, that 
this charcoal is inferior to that coionidtily ibade 
from wood ; and that it is liable to take fire 
from the combined adion of air and vi^ater, fo 
that it ought to be kepit for ufe iii ^clofe places 
well fecured, I faw a yard in Paris filled with 
this charcoal, induftrioufly arid even fkilfuliy 
manufa6tured, occupying a vaft fpace open to 
the air. After a few days rain, to which it was 
conftantly -expofed, a copious white fiiioke arofe 
from it, which was foon converted into a fiame, 
and entirely confumed the charcoal, at the 
fame time ' threatening every inilant a moie 
general conflagration, by communicating to 
other combuftible fubftances near. 

9* Turf therefore is in reality the refiduum of 
plants or herbs half decompbfed, half burned, 
reduced altnoft to theliate of charcoal, analo- 
gous in its nature to foffil wood, whichis equally 
carbonaceous. It is ufed as fuel, where there is 

no 
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no other : it may be very ufeful in forges : its 
aihes are employed as manure. By lixiviation* 
ialts of ufe in the arts may be obtained from it. 
There are fpme/ turbaries which are found to 
contain likewife fulphuret of iron, or pyrites. 
This compound, fo combuftible in moifi air, 
heats them when they are expofed to it, and 
even occafions them to take fire. Some of them, 
fuch as thofe in the environs of Beau vais, are even 
capable of furnishing by lixiviation fulphate of 
iron, which is formed in them by expofure to 
the air. There is no doubt, that moft turfs may 
be employed for obtaining frpm them by diftilr 
lation an oil analogous to tar, as Becher pro- 
pofed in 1683. 



Section III. 

i)f Bitumens. 

10. Bitumens, are produced like foflil wood 
and turf from vegetables or parts of vegetables, 
heaped up and buried in the waters and in the 
earth, but differ from both of them in being 
combuftible fubftances without any organic 
texture or appearance in the greater part of their 
Ifnaiies, which are homogeneous^ brittle, and as 
it were vitreous in their confidence, when folid ; 
in fumifhing, all without exception, acid or 
ginmoQiay when diililled^ and leaving a coal di- 
vided 
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vi(Jed in the form of fibres or laininsB. It may 
cafily be known however, that they have belonged 
to the vegetable kingdom, by their oily natar^ 
by the carbon they contain, and likewife by 
their vegetable origin being manifeft in them, 
either by the fe/?d9, leaves, or ilalks of which 
they exhibit impreffions, or by the ligneous na- 
ture which they frequently fliow at one of thdr 
. extremities. 

1 1 . Formerly they wei;e confounded with ful- 
phur, bearing the fame appelli^tipns, as thej 
were termed a mineral ^fulphury whije fulphur 
itfelf was fonf etimes called bitumen^ or bitum- 
nous juice. They were likewife confidered for 
a time as mineral produdions, as terrene oils ; 
and their vegetable origin was not then under- 
flood. At prefent there is no longer any difficult)' 
in diftinguifliingthem from anthracite^ a fpecies 
of carbonaceous matter mixed with one-third 
of its weight of filex and a little iron, which 
exifts in the primitive mountains, and afforck 
no oil ; while bitumens, which are found only 
in ftr^ta of the fecond or third order, contain, 
or yield when afted on by fire, more or lefs oil 
It is evident that bituminous produ6iions cannot 
be confidered as belonging to the clafs of mi-r 
nerals ; or "at }eaft of being in fome reipeQs re- 
lated to it, merely becaufe they are found in the 
iparth amon^ foffils. 

12. Four fpecies of bituminous matters ihould 
]fe dijftingui/J^^d : bitumen^ properly fo called, 
qgdl^ jet/ 9,9^ afnben Their foeciflc differ^ 

ences 
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ences are very well marked by the following 
charaders r 

Bitumen is fluM dr fdHt : it yields no ammonia 
on difiillation ; it leaves very little coally re- . 
iiduum. 

^oi/aiFdrds much ammonia, and leaves much 
coally refiduum after diftillation/ much earthy 
matter after incineration. ^ 

Jet is fufceptible of a fine polish : when diftil- 
led, it gives out a liquid acid* 
'. Amber is tranfparefnt : it furniflies a concrete 
' acid by fublimation. 

We muft examine the properties, origin, na- 
ture, and Ufe of each fjpecies in particular.. 



A.Bitmim. 

.... ' . ._ ^ . ■ 

13. At prefeht, the name of bitumefi is cbhfined 

to oleaginous foffil fubflances, wluch givie out 
no amvioma when aded on by fire, which emit 
no fetid fmell when burned, and which after 
they are burned leave little earthy refiduum. 

14. There are two principal varities of bitu- 
men, one more or lefs fluid from the lightnefs 
of naphtha to the coniift^hcy of pitch. This 
variety is called naphtha^ petroleum^ ^^ ^Piff^f-^ 
phaltum, accordinig to its liquidity. The fe- 
cond, which is folid, 6r Ae^rly fo, is cfaUed af- 
phaltam. 



First 
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First VarIett, • 
Liquid Bitumen ; Petroleum. 

15. The name of petroleum^ or rock'^il, has 
been given to a, fluid bituminous fubfiance, 

■ * 

which flows between fl;ones, on rocks, or in dif- 
ferent parts of the furface of the earth. This 
oil diff^ers in lightnefs, fmell, confidence, and 
inflammability. Authors have diftinguifhed a 
pretty confiderable number of fub-varieties of 
it. They have given the name of naphtha 
to the lighteft, mofl: tranfparent, and mofl; in- 
flammable petroleum ; that of petroleum, pro- 
perly fo called, to a liquid bitumen of a deep brown 
colour; and lafl;ly, that of mineral pitch to a 
black, (thick bitumien of little fluidity, tenacious, 
and flicking to the fingers. The following are 
the fub-varieties defcribed bv Wallerius and 
feveral other natnralills. 



Varieties. 

I. White naphtha. 

S. Red naphtha. 

3. Green or dark naphtha. 

4. Petroleum mixed with earth. 

5. Petroleum exuding from ftones. 

6. Petroleum floating on water. 

7. Mineral pitch, or maltha. 

& Piflkf- 



8. Piifafphaltutn. This is oP a m^an confift** 
cnce between that of common petroleum/ and 
that of afphaltum, or Jew's pitch. 

16* The different naphthas arc found ii^ Italy, 
in the neighbourhood of Modena, and at Monte 
Ciaro, twelve leagues from Placenza. Kejn'pfer 
lays, in his AmCdnitates cvoticcCy that a great 
quantity is coUefted infeveral partsof Perfia^ and 
that a place in India, where it burns, is faid to 
contain- the devil, whom God has fliut up there. - 
Petroleum flows in Sicily, and in feveral parts 
of Italy ; in France at the village of Gabian, in 
Languedoc, and in Alface; at NeufchAtel, in 
Switzerland ; in Scotland ; and in other places. 
PilTafphaltum and mineral pitch were for^nerly 
obtained from Babylon, in conftru6ling the 
walls of which place they were employed ; from 
Ragufa, in Greece ; and from the marfli of Sa- 
xnofata, the capital of Commagene, in Syria^ 
At prefent they are procured from the princi- 
pality of Neufchitel, and from Vallengin, Puits, 
Pege, a league from Clermont- Ferrand^ in the 
department of Puy de Dome, and feveral other 
places. 

17. With regard to the different fub-varieties 
mentioned, it is to be obferved, that they all 
a,ppe^ to have the fame origin, and that they 
differ from one another only by fome particu* 
lar modification. Moil naturalifts and chemiils 
attribute the formation pf petroleums to the 
iJwomppfitipn of iblid bitumens, by the adion 
: . , :. of 



of the fubterratieous fires. They obfcrte, tiat 
naphthia appears to be tlie lighteftoH, which 
the fire firft difengages ; that what fuccfeedSs i^ 
aflhrtiihg colour and confiftttcyj^ fotrks thfe 
fliffbrent forts of petroleums ; «tid thkt the lat- 
ter, by uniting with fome earthy fub(taiiee% 
or bein^ aUeted by acids^ acquire th^'CharaddS 
6f minettil j^teb, or piffafphaltulu. lA fuppbrt 
of this opinion, tliey make a very exaGt Com«» 
parifon of the phenomena exhibited by the dif- 
tillation of amber, which in faft affords a fort 
of iiaphtha, and a |>etrol^um more or lefs 
brown, accortling to the degree of heat and 
time of the operation. Filially, they obfetve, 
ttiat nature frequetilly ^refetats hs with all Ifcc 
fpecies of petroleum, fWtn the lijghteft MfpiHSia 
^6\m to mineral pitch, in the fame fpot, aft 4n 
the cafe of the fluid bitumens obtaihed ftiw 
Monte Feftino near Modefta. 

18. For the reft, the chemical properties of pe- 
troleum have not yH been examined withfuffi- 
cJent cal-e. We only ktiow, that naphtiia is very 
Volatile, and fo combiiftible, that it Gat<!hes fire 
if any thing burning be brought near it: it 
feems even to att raft flame 4n cOHfeijuenGe of 
its volatility. From the bitwvn petroleum wc 
obtain an ackl phlegm, and an oil, 'which at 
firft refembles naphtha, and whi<:lh becont0s Co- 
lotiTcd as the di(Hlfctt6n drtvanfees. What re- 
mains in the retoTt is a thick i^atter like pff* 
fafphaltum, whifeh ti>ay be Tendered dry ttd 
brittle as afphaltum, and reduced entirely to 

ibe 
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tiife cbally ftatc by a ftronger fire. Alkalis have 
little adioQ on petroleum : fulphiiric acid 
darkens its colour^ and. renders it thicker ; ni*^ 
trie acid inflames it, a$ it does volatile oils : it 
eafily diffolves fulphur ; it is coloured by metal- 
lic oxides : it unites with amber, part of which 
it foftens and diflblves by means of heat. 

19. The different kinds of petroleums are em- 
ployed for different purpofes in the countries 
where they abound. Kempfer informs us, that 
in Perfia. they are ufed to give light, and are 
burned in lamps by means of wicks. They 
may likewife be ufed to give heat* Lehman 
fays, that for this purpofe fome naphtha is 
poured on a fewhandfuls of earthy and kindled 
with paper; when it immediately burns brifkly, 
but diffufes a thick and very copious fmoke, 
which adheres to every thing, and the fmell of - 
which is very difagreeable. It is fuppofed too, 
that petroleum enters into the compofition of 
the Greek fire. The thick petroleum is em- 
ployed likewife for making a very folid and 
very durable mortar. By boiling pilTafphaltum 
with water an oil is obtained from it, which is 
ufed for tarring fhips.. In India the flame pro-^ 
duccd by a burning petroleum is worlliipped, 
and the heat it emits is ufed for drefling vie* 
tuals, and burning liine. 

20. Laftly, fome phyficians have fuccefsfuUy 
cmpfoyed petroleum in difeafes of the mufcles; 
itipalfy, debility, &c. by rubbing or fumigating 
the flcin with it Van Ilelmont confidered fric- 

VoL. VIII. Y tion^ 
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tions with petroleum as a very good remedy for 
frozen limbs, and recommended them as an ex* 
cellent prefervative againft the action of cold- 

Varietit II. 

/ 

Solid Bitumen, or Afphaltum. 

21. Afphaltum, ox Jews pitch, called likewifc 
funeral gum, amber of Sodom, mountain pitchy 
balfam of mummies, &c. is a black, heavy, foiid, 
and fomewhat fliining bitumen. It breaks ea- 
fily, and its ffafture is vitreous. A thin flip of 
this bitumen appears red when held between 
the eye and the light, Afphaltum has no fnjell 
when coldy but acquires a flight fmell by rub- 
l)ing. It is found pn the waters of the lake 
Afphaltites, or Dead Sea, in Judea, near which 
were anciently the cities of Sodom and Go'» 
morxah. The people, incommoded by the fmell 
which this bitumen dilFufes as. it lies on tbe^ 
water, and encouraged by the profit they gain 
hy it, colleft it carefully. Lemery fays, in hi^ 
Diftionary of Drugs, that the afphaltum exudes 
as a liquid pitch through .the ground M'hich is 
covered by the Dead Sea, and that rifing to ther 
furface of the water, it is there condenfed by 
the heat of the fun, and by the a6lion of thf 
fait, which that water contains in abundance. 
It is met with likewife on many lakes in China- 
\Yherever piifafphaltum is found, the portion 
that is dried in the air becomes a fpecies of af- 
phaltum^ 
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{>lialtuHiy which may be nfed for the fame piif- 
)>ofes as that of the lake of Judea. What is 
found near Neufch^tel, in Switzerland, is thus 
employed* 

i22. Naturalifts are divided in opinit)n refpe6l^ 
iDg the origin of afphaltum, as of all the bitu- 
mens. Some imagine it to be a mineral prq- 
dudion, formed by an acid united with an 
unftuous matter in the bowels of the earth: 
others confider it as a tefinous vegetable fub- 
ftance, buried in the earth, and altered by mi- 
neral acids. The mod general and moft pro* 
bable opinion is, that its origin is the fame with 
that of amber ; and that it is formed by this 
laft bitumen, which has undergone the adiion 
of a fubterraneous fire. This opinion is founded 
on the eircumftance that amber, melted and 
deprived of a part of its oil and fait by the ac-r 
tion of fire, becomes black, dry, brittle, and 
perfe6lly fimilar to afphalturn : but it can be 
confirmed only by a comparative analyfis of 
afphaltum ; and this refiduum of amber and 
afphaltum has not yet been examined with the 
accuracy neceflary to afcertain this analogy. 

23. Afphaltum, when expofed to the fire, 
melts, fwclls up, and bums, emitting flame, ahd 
a thick fmoke, the fniell of which is ftrong, 
acrid, and difagreeable* By. diftilktion. we 
. obtain from it an oil coloured like brown petro- 
' leum, and an acid water. By fufion it mixes' 
iutimately with fulphur, phofphorus, feverab 
metStllic oxides, and partknlarly fixed and vola- 

Y .3 * tile. 
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tile oils, refiins, and gum-fefins- It is too itr&f 
altered by alcohol, which does not touch the 
bitumens in general. The aftion of ether od 
thefe fubftances is a little more perceptibler 
though very flight. 

24. The Arabs and Indians ufe afphaltum^in^ 
ftead of tar to coat ihips. It is ufed in th^. 
compofition of the black v^rniflics of China, 
and fh fire-works to burn on water. The Egyp-* 
tians employed it for embalming dead bodies ; 
but only for thofe of the poor, who could not 
pay for more coftly antifeptics. Wallerius 
aflerts, that fome merchants prepared a fort of 
afphaltum with infpiflated pitch, or by melting 
pitchy and mixing it with a certain quantity of 
real afphaltum : but this fraud may be dete^d 
by means of alcohol, which diifolves the pitch ' 
intircly, but only acquires from the afphaltum 
a pale yellow colour. 

H, CoaL 

35. Coal has received the names of p/V-cofl/^ 
Jione-coal, lithanthraxj from its combuftible pro- 
perty, and the ufe made of it in feveral coun- 
tries. It is found in the earth, moft commonly 
below ftones of lefs or greater hardnefe, fand- 
Hones, and aluminous and pyritous fchiftus^ 
Thefe laft conftantly exhibit the imprellions of 
feveral vegetables of the family of ferns, moft 
of which, according to the obfervation of Ber- 
nard de Juffieu, are exotic- The bamboo and 

banana 
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banana have been diftinguiflied in the pit- coal of 
Alais. It lies more or lefs deep in the earth* It 
is always arranged in ftrata, either horizontal 
or inclined, but more frequently the latter^ 
The beds or ftrata of which it confifts differ in 
thicknefs, confiftency, colour, fpecific gravity, 
&c. Frequently over this bitumen are found 
beds of fliells, impreffions of fifh, and foffil 
madrepores, of greater or lefs extent, whicli 
-has led fome moderns to fuppofe, particularly 
Citizen Parmentier, that pit- coal has been 
formed in the fea by the depofition and altera- 
tion of the oily or fatty matter of marine ani»- 
mals. Moft naturalifts eonfider it as the produft 
of a refiduum of wood buried and altered by 
the water and falts of the fea. We frequently 
find above coal, plants and wood partly diftin^ 
guiihable, and partly converted into coally bi- 
tumen. Its formation appears to be owing to 
the decompofition of an immenfe quantity of 
land and fea-plants, and to the feparation of 
their oil, united with alumine and calcareous 
matter. We cannot deny that animal matters 
likewife enter into its compofition. 

26. Beds of coat are worked as mines, by 
finking pits and hollowing out rooms, the bitu- 
men being got out with pick-axes, or a fort of 
mattocks. The workmen who are employed 
in this are often expofed to the danger of 
lofing their lives by the elaftic fluids difengaged 
from it This kind of mephite is called choke- 
dampy black-dampi or Jiyth, by the colliers ; it 

e^tinguiihes 
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extingui flies the lamps, and appears to be car- 
bolic acid gas. In tbefe mines too a very de- 
leterious kind of carbonated hidrogen gas is 
evolved/ which fometimes produces dangerous 
exploiions. 

S7. Cqal is very abundant in nature. It is 
found in England, Scotland, freland, Hainault, 
Liege, Sweden, Bohemia, Saxony, &c. Sev<eral 
departments of France furnifli a great deal, par* 
ticularly thofe which occupy what was foF- 
merly Burgundy, the Lyonnefe, Forez^ Jin- 
.vergne, Normandy, &c. Though the Engliih 
greatly excel the French in the art of wording 
coal, and employing it for the ufe of mail ; and 
though they have expended large funis, and exe* 
4cuted magnificent works for the purpofe, fuch as 
the fubterranean canal of the Duke of Bridge- 
water, which is near five thoufand metres long; 
yet France poffeffes more wealth of this kind 
than England; and its induftry, roufed by necef» 
fity, will foon equal that of its neighbour an4 
rival. 

28. Coal has been diftinguiflied into Jiont-^ 
coal and earth-coal^ according to its hardnefs 
or friability^: but the manner in which it burns, 
and the phenomena it exhibits in combuftion, 
afford much more important characters to dif- 
criminate its different varieties. In this point 
of view Wallerius diftinguiflics three: Ifl, the 
Jcaly^ coaly which remains black after being 
burned : 2d, the compa6l and foliaceoqs coal^ 
>vtich, ^fter having b^ep burned, afford ^ 

fpongy 
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ipongy fubftance refembling fcoriae : Sd, the 
Jibrous-coal^ like wood, which i$ reduced to 
aflaes by combuftion, 

g9» ,Coal heated in c6nta6l with air, andfome 
other fubftance in a (late of combiiftion, kindles 
with a flownefs and difficulty proportionate Xo 
4ts gravity and compafljiefs. Once kindled, it 
emits a ftrong &nd lafting heat, and remains 
burning a l^ng time before it is confumed: 
it may even be extinguifhed and employed 
feveral times over again. Its inflammable mat* 
te^ appears very denfe, and as it were fixed 
by fome other incombuftible fubftance, which 
retai'ds its d^ftrudion. In burning it eiliits 
a ftrong and peculiar fmell, which however 
is by no means fulphiireous, when the coal h 
, very pure, and contains no pyrites. Tfhe 
combuftion of this bitumen appears very aha^ 
logons to that of organic fubftances, as it h 
capable of being ftopped, and divided into two 
periods. In fa^, the oily combuftible part, th^ 
moft volatile the coal contains, is diflipated in 
flame by the firft a6lion of the fii^e : and if a 
ftop be put to the combuftion, when all this 
principle is diflipated, the bitumen retains only 
the moft fixed and leaft inflammable portion of 
its oil, reduced to a truly charred ftate, and com- 
bined with an earthy bafe.^ By a procefs of this 
. kind, the Englifli prepare their coke, which is 
jiothing but coal deprived of its oily and fu^^ 
fible'part by the aftjon of fire, 

30, We 
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30- We may fee clearly what paffes in the 
aftion of fire upon coal, by heating, this bitu- 
men in clofe veffels, and in an apparatus for 
dtftillation. Thus we obtain from it an ammo- 
niacal water, concrete carbonate of ammonia, 
and an oil> which grbws darker coloured and 
heavier in proportion as the diftillation advances. 
At the fame time a great quantity of inflam- 
mable elaftic fluid paiTes over, which is con- 
fidered. as an oil in a (late of vapour, but which 
is hidrogen gas mixed, with azote gas, carbon 
in folution, and carbonic acid gas. What re- 
mains in the retort is a fcorified coally fubftance 
Hill capable of burning: it is the Englifli coke. 
If we carefully obferve the aftion of the fire on 
very pure coal, we ihall perceive it evidently 
foftened, and feemingly undergoing a femi- 
fufion : now as we may imagine this ftate to be 
detrimental in the fufion of ores, it is of elfential 
importance to deprive the bitumen of this pro- 
perty. In this we may fucceed by diveftiqg 
it of the principle, which oceafions it thus to 
ibften, nimely, of the oil which it contains in 
great abundance, and by reducing it to a ftate 
fimilarto that of charcoal made from vegetable 
fubftances. It is to be obferved, that the pretty 
confiderable quantity of ammonia furniflied by 
coal favours the opinion of its animal oiigin: 
fince, as will be feen in another place, the fub- 
ftances belonging to this clafs of compounds 
ftlways yield ammonia when diftilled. This ana- 

lyfi^ 
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lyfis is effeded in the great in particular works 
erefted in Scotland by Lord Dundonald. The 
oil, which is colleded in refervoirs cooled by 
the water of a river that paffes underneath, is 
ufed as tar ; the ammonia is employed for mak- 
ing ammoniacal muriate ; and the refiduum is^ 
very good coke. Citizen Faujas has imported 
this ufeful art into France ; and the experi- 
ments, which he has made on a fmall fcale at 
the Mufeum of Natural^Hiftory, have fucceeded 
extremely well : notwithftanding this, however, 
no works have yet been crefted for carrying 
on this manufaftute. After the combuftion of 
coal, its aihes contain fulplyates of iron, mag- 
nefia, lime, alumine,^ or, if the combuftion have 
been very rapid, the bafes of thefe falts. 

31. Coal is a combuftible every where ufeful, 
but particularly in countries where there is no 
wood. It is ufed for all domeftic purpofes ; 
and there is noreafon to fear the dangers which 
fomehave afcribed to its ufe. The fulphureous 
vapour, which it is fuppofed to emit during 
combuftion, need not be dreaded, fince the moft 
accurate analyfis has proved to all chemifts, 
that coal, when pure, contains not a particle of 
fulphur. Hence, we fee how falfe and deceitful, 
are the pretenfions of thofe ignorant men, who 
announce proceffes for defulphurating this bi- 
tumen. Another confideration, wliich oucjht 
to induce us to derive all the advantage we can 
from coal, particularly in France, is, that as the 
^Yorking of mines confumes enormous quantities 

of 
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of charcoal, there is reafon to arpprehend we 
fliail, fome time or other, be in want of wood. 
It is particularly in works of this kind that we 
ought to endeavour to employ coal, as the 
Englifli have long done: indeed its ufe begins 
to be eftabliihed in feveral fuch works, of which 
the famous iron founderies at Creufot, near 
Mount Cenis, and at Autum, afford great and 
ufeful examples. 

32. Purified coal, falfely called defulphurated^ 
is nothing but that which is deprived of its oil 
by the aftion of fire. This fort of charcoal 
burns without fmoke, without . growing foft^ 
without any ftrong fmell; in a word, it is 
real coke ; and on account of thefe properties, 
is preferred for burning in the fire-places of 
rooms. 

* 

One of the great inconveniences of coal, befide 
the very abundant and thick fmoke it emits, 
which blackens all the furniture in a room, is, 
that the very rapid and copious current of air it 
requires for its combuftion, carries up and volatK 
lizes part of its allies, which adhere to every thing 
around : but both thefe inconveniences may be 
remedied in great meafure by conflru6ling the 
fire-place in a proper manner ; fo jthat the whole 
of the current excited by the combuftion may 
pafs up the chimney, without any part of it be- 
ing returned into the room. 

The great utility of this combuftible in France 
will be found more particularly in manufac- 
tories of every kind ; and its yfe will occafiou 

a very 
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a very grea^ faving of wood for the purpofes of 
building and common fires. 

C. Jet. 

S3, Jet, the gagatcs of the Latins, the black 
amber of Pliny, thepangitis of Strabo, is black, 
haitl, compa6l, vitreous in its frafcljure, and 
capable of acquiring a fine polifli by friSion, 
which renders it electric. It is deftitute of fmell, ' 
but becomes ilightly fetid when heated. It 
foftens and fwells up without melting com- 
pletely : it burns and difFufes a ftrong fmell 
during combuflion. 

34. We cannot miftakfi its origin, when wc 
examine it attentively in the places where na- 
ture offers it to our- view, Naturalifts were 
tniftaken in fuppofmg that it was afphaltum in- 
durated by time. It is manifeltly the produft 
of a flow decompofition of wood buried in the 
' earth. In colledlions and cabinets we find 
pieces of wood converted into jet in one part, 
and yet evidently ligneous throughout the 
greater portion of their fubftance. At St. Jean- 
de-Cucule, near Mont|)ellier, and at Nifmes, 
y2?veral trunks of trees, very diftinguiftiable by 
^lieir fliape, have been found changed into jet. 
^it izcn Chaptal mentions a ihovel converted into 
^^ throughout. The jet ,of Vachery, in the 
^^evant Gevaudan, perceptibly exhibits the 
c: ^tire of walnut wood ; and that of beech is 
t in the jet of Bofrup, in Silefia. 

. * . 35. By 
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35. By diftillation, we extraft from it a 
little water and a brown oil, which is re6iified 
by cohobation with argil It yields lefs than 
fat coal. The fmell it emits in burning, 
and which diftinguifli its produfts, without 
being fetid like that of coal, is more po* 
tent, more pungent, and more fenfibly bitu* 
minous, or more analogous to that of amber, 
which will be ^mentioned prefently. 

36. Jet is wrought for making trinkets and 
ornaments for mourning. Bracelets, buttons, 
necklaces, and fnulF-boxes, are made of it at 
Wirtemberg and in France at Sainte-Colorabe 
near Caftclnaudary. A quarry of it too i^ 
wrought at Beleftat, in the Pyrenees. 

J). Amhcr. 

37. Amber, or yellow^amber^ as it is fometime^ 
called, is the moft beautiful of all the bitumens 
in external appearance. It is in irregular pieces, 
of a yellow cplour, fometimes reddiih or browis 
tranfparent or opaque, formed of coats or layers^ 
and is fufceptible of a very fine polifh. When 
it is rubbed fome time, it becomes electric, and 
capable of attracting ftraws. By the ancients, 
who were acquainted with this property, it was 
called ekEtruviy whence is derived our \vord 
tleSlricity. 

38. This bitumen is of a pretty hard coniift^ 
cnce, approaching to that of certain ftones; 
which has induced fome authors, particularly 

Jtjartmanut 
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Hartmann, a naturalift who lived near the Oon- 
clufion of the feventeenth century^ to rank it 
among the gems. It is friable, however, and 
brittle. The ancients too reckoned it in the 
number of precious minerals; and confidered it 
as approaching the diamond: accordingly, their 
poets have given it a place in fable. Some of 
thefe feigned it to be the tears of the fifters of 
Meleager, changed into birds, and weeping for 
their brother : others the tears of the lifters ot 
Phaeton, which were converted into amber as 
they fell into the waters of the Po. 

39. When amber is powdered it emits a fome- 
what pleafmg fmcU. Within it are frequently 
found infeds very well preferved, and very 
diftinguifliable; which proves that it has been 
fluid, and in this ftate enveloped the fubftances 
we find in it. Amber is moft frequently buried 
at a greater or Icfs depth. It is found under 
coloured fands, in little incoherent maffes dif-i 
perfed on bedsof pyritous earth; and over it is 
obferved wood impregnated with a blackifli bi-^ 
tumirious matter : whence it is fuppofed to be 
formed by a refinous fubftance, which has been 
altered by the fulphuric acid of the pyrites,. 
It floats too on the borders of the fca, and is 
collefiled on the (hores of the Baltic in ducal 
Pruffia. The mountains of Provence, near the 
city of Sifteron, the Marquifate of Ancona, and 
the Duchy of Spoleto in Italy, Sicily, Poland, 
Sweden, and feveral other countries, likewife 
furnifh it. 

40. The 
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40. The colour/ texture, triftfpareti<*y, Ahd 
opacity of this bitumeri have oeeafioned a con- 
fiderable number of virietlds tabe didingdiflied, 
which may be reduced to the following accord- 
ing to Wallerius : 

1. White tranfparent amber ; 

2. Tranfparerit amber of a pale yelloii^ ; 

3. Tranfparent amber of a lemon colour j . 

4. Tranfparent amber of a golden yellow ; fh« 
ehryfeled;rum of the ancietrts ; 

5. Tranfparent amber of a deep red ; 

6. White opaque amb^r ;^ 

7. Yellow opaque amber ; 

8. Brown opaque amber; 

9. Amber, coloured green, or blue, by e;c- 
traneeus matters ; 

10. Veined amber. 

It is not improbable that amber exifts in a 
cryftallineform, and perhaps it will be found 
like fulphur cryftallize<l in odahedrons. 

41. A ftill greater number of varieties might 
be diftinguisflied by the accidental circumftancc* 
which it exhibits interiouily: but the reader 
ought to be informed, with refpeft to the price 
attached to fpecimens of amber, remarkable for 
their fize, tranfparency, and the infc6ts in a ftate 
of good prefervation that they contain M^ithin 
them, that it is poffible to be deceived in this 
article, asfeveral perfons poffefs the art of giving 
it tranfparency, of colouring it as they think 
proper, and of foftening it fufficiently to be able 
to introduce into it foreign matters. Wallerius- 

informs 
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Informs us, that the gold coloured amber always 
owes its tranfparency to nature ; and that what 
has been rendered tranfparent by art is always 
of a pale hue. 

42. Though it is very probable, that thi« 
bitumen owes its origin to reiinous vegetable 
matters, feveral naturalifts have entertained dif- 
ferent opinions fefpe6ling its. formation. Some 
have confidered it as the hardened urine of cer* 
tain mammiferous animals : others as an earthy 
juice, which the fea has feparated, and which, 
being thrown on the fliOre by its waves, has 
there been dried and hardened by the rays of 
the fun. The latter have diftinguiihed it as a 
peculiar mineral fluid. Such was the opinion of 
Philemon, an ancient naturalift quoted by Pliny; 
and it was afterward revived by George Agricola^ 
Frederick Hoffmann imagined, that amber wa^ 
formed of a light oil, feparated from bituminous 
wood by heat, and infpiflated by the acid of 
vitriols. This opinion of HotFmaun we cannot 
admit : for how is it to be conceived, that an oil^ 
feparated in the bowels of the earth, ihould con- 
tain animals, which live only on its furface ? 
Hitherto it has been believed, that amber was 
produced by a reiinous juice, which at firft 
flowed liquid from fome tree :. that this juice,?* 
buried at a greater or lefs depth in the earth by 
the changes that have taken place on its furface^ 
has. been impregnated and hardened by mineral 
and faline vapours circulating in the interioF 
parts of the globe. There is no probability of 
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its having been altered by concentrafed atidfij 
for experience teaches us, that the adion of thefe 
acids would have blackened it, and reduced if 
to the ftate of charcoal. Pliny thought that 
amber was nothing but the refin of the fir, har- 
dened by the autumnal cold. Mr. Girtanner 
believes it to be a vegetable oil, rendered con- 
crete by the acid of ants. According to this 
author it is the fpecies that Linnseus caWsJormica 
rufa^ by \vhich it is prepared. Thefe infefts 
inhabit the ancient forefts of firs, Avhere the 
foffil amber is found, which is du6lile as melted 
wax, and becomes hard in the air. 

43. Amber does not melt on expofure to the 
fire without a pretty ftrong heat : it fofteiis and 
fwells a great deal, without flowing in drops, 
which di ft ingui flies it from the refins, as thofe 
melt completely. When it is heated in contaS 
with air, it inflames, and difFufes a very thick 
and highly fcented fmoke. Its flame is yel- 
lowifh, variegated with green and blue. After 
combuftion it leaves 2Ljkining black cob\, which 
yields by incineration a very fmall qtiantity of 
a brown earth. Bourdelin fays, in his paper on 
amber (Acad. 17+2) that he obtained not quite 
a gramme of this earth by burning a kilogramme 
of amber in a teft. Two hectogrammes and half 
of the fame bitumen, burned and calcined in a 
crucible, afforded him in a fecond experiment 
two thirds of a gramme of earthy refiduum, from 
which he obtained iron by the help of the 
magnet. 

44. If 
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44. If amber be diftilled in a retort, and b\^ a 
graduated fire, we firft obtain phlegm of a red 
colour, which is manifeftly acid : this acid 
liquor retains the ftrong fmell of the amber. 
Afterward a volatile acid fait comes over, which 
cryftallizes infmall white or j^ellowifh needles 
in the neck of the retort : to this fait fucceeds 
a light, colourlefs oil, of a very brifk fmell. 
This oil gradually grows coloured as the fire 
gets flronger, and becomes at length brown, 
blackiih, thick, vifcous, like the empyreumatic 
oils. While tliefc two oils are coming over, a 
certain quantity of volatile acid fublimes, which 
is liiore and more coloured. Aftei* this operation 
there remains in the retort a black mafs, having 
the fliape of the bottom of the veffel, brittle, and 
refembling afphaltum. George Agricola made 
this obfervAtion on the refiduum of amber after 
diftillation near three centuries ago. If this 
operation be conduced with a gentle and well 
managed fire, -and if a large quantity of amber 
be employed, all thefe products may be obtained 
feparately by chang-ing the receiver. In general 
they are received into one vcifel, and re6iified 
afterward by a gentle heat. By this re6lificatioa 
the acid Ipfes part of its colour. The oil, whicli 
becomes black toward the end of the operation 
' only becaufe it carries wkh it a portion of coally 
matter, and becaufe the acid has re-afled on its 
principles, may be rendered very clear and very 
light by feverai fucccllivc diftillations. Rouelle. 
the elder has given a very good procefs for ob» 
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taining it in this (late by a fingle operation. For 
this purpofe the oil* myuft be put withfomc water 
into a glafs alembic^ and diililled with a heat 
equal to that of boiling water. The pureft por- 
tion, which alone is volatile at this temperature 
on account of its lightnefs, conies over with 
the water, on the top of which it collects. If it' 
be intended to continue in this (late, it mufl be 
kept in ftone bottles ; for the rays of light, that 
permeate glafs, will turn it yellow, and even 
brown, after a time. 

This analyfis demon ftrates, that amber is formed, 
of a large quantity of oil combined with an acid. 
It contains alfo a very fmall quantity of earth, 
the nature of which has not been examined, and 
a few particles of iron. 

Oil of amber appears to approach the volatiUi 
oils : it has their volatility, their fmeUj it is very- 
inflammable ; it appears capable of forming foaps. 
with alkalis. 

45. The fuccinic acid, which was at firft called 
volatile fait of amber, was confidered for fome 
time as an alkaline fait. Glafer, Lefevre, Charas, 
and John Maurice Hoffmann, profcffor at 
Altdorf, were of this opinion. Barchufen and 
Boulduc fcnior were the two firft chemifts, who' 
difcovered the acid nature of this fait toward 
the end of the feventeenth century. All the. 
chemifts fmce them have adopted this difcovery, 
but they have not agreed conqeming the nature 
of this acid. Frederick Hoffmann, confidering 
that amber was found in Pruffia^ under flrata of 

iubiiaacos 



fifbftatices' abounding witfe pyriteir^ fuppofed this 
felt to be formed by fulphuric acid. - Neumaii 
appeal-^ to haf e entertained th6 fame opinioii; 
BiftUfdelin, in the paper quoted above, relates 
feveral experiments he made to afcertain* the 
nature of this acid. He obferves in the fir ft 
pfa'ce, that the acid of amber, obtained by the 
rfiili nation of this bitumen, however white and 
pm^ it may be, always con taitis Ibme oleaginous 
matter: to this matter jio doubt it owes it^ 
fmell with the fort of combuftibihty it poiTeffes, 
which it exhibits- when thrown on burning coals* 
H& tficil' fevei'al means of freeing it frotn thisr 
fubftance : alcohol would not anfwer his purpofel 
fi^ed' alkali' alone, digefted en* amber with a view* 
tO' take froirt it its fet and oily partj and obtaiti 
itis-'falt fepiTJitie, was equally unfuccefsfiil ;f6r it 
oiily diffoWd a little bitUnien, and' aiAjmred af 
lixiyial and^ fait tafte like rriuriate of fodk ' In? 
fine, Bourdelin could difcoVer' no better procefi* 
fijr tinitiiig the acid of amber puine and deprivc^d- 
of oily matter with fixed alkali, than detonating 
a mixture of tvo parts \of tritre with one pai^t of' 
this bitumen. He lixiviattd therefiduum of tiiis 
detoriatidh'with diftiHed' watel-.' This llkivium* 
was of an- attiber colour : it precipitated tiie nitric' 
folution of filver^ in white flakts, and' that oP 
mercwry' of the fame co'loun " Several other rfic- 
tallic folutions wen* eqnaliy decompoftd by it^r 
bat Bourdetlh^cionfidferert onJy-thdfe tVo as^bdn- 
clufii^. Th#^^ appeared' to^ hinv to flioi\i%; thkt 
the acid of anib^r i^ tlie fa:*ne^^i«k tfeatibf rtiatili^ 
^^- Z2 fait, 
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fait, fince it exhibits the fame phenomena with 
the nitric folutions of mercury and filver. The 
lixivium of the detonation of amber with nitre, 
having been fuffered to evaporate in the open 
air, afforded a mucilaginous fubftance, in th6 
midft of which were gradually depofited elon- 
gated fquare cryftals, the figure of which, their 
fait tafte, their decrepitation on burning coals, 
and particularly their confiderable effervefcence, 
as well as the fmell of muriatic acid which they 
emitted, when concentrated fulphuric acid was 
poured upon them, indicated to our author, 
that this muriatic acid was united with the bafe 
of nitre in them. 

46. Notwithftanding this anrlyfis, which is 
very accurate for the time when Bourdelin made 
it, the chemifts who have fince examined the 
acid of amber have not found it analogous to 
tlic muriatic acid, but have difcovered all the 
characters of an oily vegetable add in it 
Bergman, M^ho appears to have adopted this 
opinion, gives the following details of the pro- 
perties and elective attractions of this fubflance* 
. The fuccinic 'acid, obtained by fublimation, 
and purified by fucceffive folutions and cryftal- 
lizations, forms cryftallizable and deliquefcent 
neutral falts witli pot-afli and ammonia. 

With foda it yields a fait, which does not 
attrafl; the moifture of the air. 

United. with lime,, and with barites, it. pro- 
duces falts but little foluble. Magnefia forms 
with it a thick fubftance like gum» 

It 
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It diflblves metallic oxides, and the fuccinates 
produced by thefe folutions are moft of them 
cryftallizable and permanent, 

Barites, lime, and magnefia, according to him, 
take the fuccinic acid from pot-afli and foda. 
Barites decompofes the fuccinates of lime and 
magnefia, and lime-water precipitates magnefia 
from its union with this acid. 

47. The examination of the chemical proper- 
ties of this bitumen has been carried no farther. 
Even the manner in which acids arc capable of 
a6ling on it is not known. Frederic Hoffmann 
afferts, that it may be entirely diflblved ia. 
lixivium of cauftic alkali, and in fulphuric lacid. 
We know too, that the volatile oil of amber is 
capable of uniting with cauftic ammonia, and 
forming by fimple mixture and agitation a fort 
of liquid foap, of a milky white colour, and a 
very pungent fmell, which is prepared in the 
iliops under the name ofeau-de-luce : and laftly, 
that this fame oil diflblves fulphur by the help of 
a fand-heat, and forms a preparation called fuc* 
cinated balfam of fulphur. 
• 48. Amber is employed in medicine as an anti- 
fpafmodic : it has been recommended in hyfte- 
rical affeftions, fupprefled menftruation, go- 
norhoea, fluor albus, &c. It is adminiftered in 
its native ftate, after having been Avafhed with 
warm water, and reduced to a fine powder by 
levigation. It is particularly ufed for corrobo- 
rant and refolutive fumigations, the powder of 
tbift bitumen being thrown on a hot brick, and 

the 
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the fumes it emits bemg direfted to the part on 
which it is intended to a£i. 

The liquid acid of amber, and its ccxncrete 
acid, are both confidered as perioral, incifive, 
cordial, and antifeptic. They are like wife pre- 
scribed as powerful diuretics. 

The oili^of amber is employed externally and 
internally for the fame purpofes as amber itfelf ; 
but it is adminiftered in fmaller dofes, as its 
adlivity is greater. 

The fuccinated balfam of fulphur, which is 
given in dofes of a few drops in appropriate 
liquors, or mixed with other fabftances to form 
pilLs, has been found beneficial in humoral-and 
pituitou^ afFe^ion§ of the lungs, kidnej'^Sj &c, 

A fyrup is prepared \vith the liquicj' acid of 
amber and opiiini, called fyrup of amber, which 
is adminiftered with advantage as anodyne, anti- 
fpafn^odic, and a foother of pain. 

The eaU'de^luce, which is prepared by drop- 
ping a few drops of oil of amber in^o a phial 
full of cauftic ammonia, and iliaking the mix- 
ture till it -has acquired a milky white colour, 
has long been ufed as a verv aftive ftiniulant iu 
fyncope : it is held to the nollrils, the nerves 
of which it ftimulates ; and by the Ihocks it 
excites, it reanimates the motions of the fluidsj, 
^nd revives the patient. 

4p. The fineft pieces of amber are cut and 
turned in the lathe to make vafes, beads for 
canes, necklaces, bracelets, fnuft'- boxes, &c 
^I'rinkets of thjs kind are fto longer prized 

among 
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among us, fince diamonds and precious ftones 
liave been in fafhion ; but they are fent to Perlia, 
China, arid feveral other countries, where they 
are ftill efteemed as great rarities, Wailerius 
fays, that the moft tranfparent pieces m-dy be 
ufed for making microfcopes, burning mirrors, 
prifms, &c. It is faid, that the King of Prufiia 
has a burning mirror of amber a foot in diame- 
ter ; and that there are in the cabinet of tlie 
Duke of Tufcany a pillar of amber ten feet high, 
and a very fine chandelier made of the fame 
fubftance* Two pieces of this bitumen may be 
united into one by wetting them with afolutioh 
of pofc-aili, and joining them together after 
heating them. ^ 



Section IV. 

Of Petrified fVood. 

50. The laft alteration to be confidered in 
vegetables buried in the earth relates to what 
i« called petrified wood, or petrified vegetable 
fulyftanccs in general A word or two will be 
fufficient, to give a proper idea of this pretended 
alteration. It is a great error to fuppofe, that a 
vegetable fubftance is converted into filex, as 
the term of petrified wood feems to imply. We 
cannot doubt, however, that there exift foflil 
iilicified fubllances, which exhibit the form and 

S texture, 
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texture, not merely of woodJn general, but 
even of particular kinds of wood. In reality it 
is not from the appearance of fimple fibres, as is 
fo often done, that we can diftinguiih a petrified 
WQod. Moft of the fpecimens we find under 
this name in colleftions of natural hiftory are- by 
no means real ligneous fubftances, they, are only 
fpecies of jafper with lines or ftreaks in the ihape 
of fibres. For a foflil to be juftly ranked in the 
genus of petrified wood, the ligneous fibres, or 
rather what occupies their place, muKl be ar- 
ranged in concentric and annual layers, and 
befides, the prolongations of the medullary fub- 
ftance, iffuing from the centre and fpreading to 
the circumferjcnce, muft be difcernible among 
them. 

5 1 . Where this laft mentioned ftruflure exifts, 
it announces a petrified wood, and it is the only 
ftruclure that does fo inconteftiblv. At the 
fame time it is well known, that we are not by 
this to underft;and the original woody fubfiance 
entire, with its figure, texture, and dimenfions, 
to be converted into filiceous matter: it is 
neceffary to form a different idea of this foffil, 
bearing as it does an organic appearance. The 
wood, the tree, the leaves, the fruit, or whatever 
other vegetable fubftance is improperly termed 
petrified, has been deftroyed gradually, and 
almoft atom by atom, in a moid earth, where 
it has left a hollow mould, as gradually filled up 
by filiceous earth, which the water has brought 
thither. Thus it is not in reality wood petrified, 

but 
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but limply wood replaced by filiceous matter, 
mixed likewife with other earths and with me*- 
tallic oxides. This kind of filicification there* 
fore, is aproof of the complete deftruftion of the 
vegetable matter, and of the difappearance of 
every thing that conftituted its elements. There 
is nothing beyond this in the alterations, of 
which vegetables are fufceptible. 



\ 
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SIXTH ORDER OF FACTS 

RESPECTING VEGETABLE COMPOUNDS. 

Of the Chemical Phenomena, which living VegC' 
tables exhibit y or Vegetable Phyjiology ex- 
plained by Chemical Powers. 

Article I. 

Of Vegetables conjidered as a fort of Chemical 
Implements or Appar-atujfes. 

1 • IN the beginning of this fe6tion I remarked, 
that vegetables might be confidered as beings 
intended by nature to begin the organization of 
crude matteV, to form triple combinations of 
fimple fubftances, compounds to which nothing 
analogous can be found among foffils properly 
fo called, to difpofe thefe primitive materials 
of the earth and atmofphere in order to become 
the fource of life, and confequently to eftabhfli 
a communication, or uninterrupted paflage, be- 
tween minerals and animals ; fo that the life of ' 
animate beings could not be maintained without 
the procefs of vegetation. 

Q. From this phenomenon, now fufficiently 
proved, it follows, that plants are truly chemical 
apparatuffes or implements, employed by nature 
to produce combinations, which M^ould not take 

place 
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place without thefe implements, and which cannot 
exift without vegetable organization : but nature, 
as admirable in the fimplicity of her means, as 
in the conftancy and regularity of her operations, 
finds in one and the fame mechanifm both 
vegetable organization itfelf, and the appropria- 

, tion of crude matter neceflkry for the fupport of 
animal life; or ratlier one of thefe movements 
is the unavoidable confequence of the other, 
as they neceffarily accompany and are abfolutely 
dependant on each other. 

5. Thus the aualyfis of vegetables ought not 
to be confined to the chemical examination of 
fubftances -extra&ed from plants, and already 
deprived of life ; it fliould be extended to the 
confideration of the properties of thefe fubftances 
contained entire in vegetables, and fiiaring their 
vital movements ; it ihould inquire into the pro- 
du6lion of the feveral changes they undergo, the 
fucceffive ftages by which they are elaborated, 
and the ufes which each is deftined to fulfil in 
vegetable life. It is the whole of thefe fads 

' which I term the chemical phenomena of living 
vegetables, and which I place at the end of the 
five orders of fa6ls previoufly examined, becaufe 
the knowledge of thefe was calculated to lea4 
us to the knowledge of the others^ 

4. Previous to the rife of the pneumatic che«» 
iniftry, fcience pofleffed no means of ftudying, or 
even of forming an idea of this beautiful part of 
phyfics. The firft experiments that wete madje;, 
froni thofe of Hales to thofe of Puhamel and 

Bonnet, 



348 LIVING VEGETABLES* 

Bonnet, feemed to belong to knowledge of a 
diiFerent clafs from any thing chemiftrj could 
furnifli ; and this fcience, at that time too 
modeft, and too much confined in its views, was 
employed merely in extrading, feparating, puri- 
fying, and preferving the different materials of 
plants, and particularly in applying them to 
medicinal purpofes. It was the difcovery of 
elaftic fluids, that produced a more intimate 
connexion between the views of chemiftry and 
thofe of vegetable phyfics ; and led us to perceive, 
that it would be thencefor^rard impoflible to 
ftudy and conceive the mechanifm of vegeta- 
tion, without combining the data and the means 
furniflied by chemiilry with the experimenti 
formerly made. 

5. Accordingly from this period chemical and 
pneumato-chemical apparatufles beganto be em- 
ployed for ftudyingthe phenomena of vegetation; 
for afcertaining what it is that plants derive from 
earth, air, and water, what they borrow from light 
and heat, how the matters they abforb afford 
them nutriment, and how they become vegetable 
compounds ; in a word, in what vegetable life 
really confifts. This firfl labour opened a new 
and vaft career to natural philofophers, in which 
they have yet advanced but a few fteps ; a career 
befet with difficulties far greater than the analyfis 
of dead vegetable fubflances. It is a rapid 
fketch of thefe firfl fleps, and of the difcoveries 
to which they have led, that I range in this lafl 

der of fafts. 

Artjclh 



NUTRITION OF VEGETABLES* S4ff 



Article II. 
Of the Nutrition of Vegetables in general. 

1 . When we reflect on the end which chemiftiy 
ought to propofc to itfelf, in explaining the yet 
myfterious mechanifm of vegetation^ we perceive, 
that the firft and moft important problem it has 
to folve confifts in determining how crude or 
inorganic matter, foffil or aeriform fubftances, 
received into the veffels of plants, there take 
the nature of vegetable compounds : how with 
fimple fubftances, or binary compounds, vegeta- 
bles form the matters which elongate, unfold, 
enlarge, and nourifh them, increafe their bulk, 
and thus give birth to all the fucceffive phe- 
nomena .which their life exhibits. 

2. To find the folution of this problem, it 
muft firft be obferved, that, in moft circum^ 
fiances of vegetation, the matters, which ferve 
as the primary nourilhment of plants, feem 
reducible almoft to nothing, when their tenuity 
is compared with the folidity of vegetables. We 
know, that a number of vegetables grow on 
hard and folid ftones, which can impart nothing 
to them-: that fuch is the firft vegetation, which 
takes place in lichens and mofles on quartz and 
granite: and that apparently the matter by 
which plants are nouriflied may be brought to 

them 



them folely and abfolutely by the air, fince if 
cannot be imagined, that the filex condenfed 
in ftones can anfwer this piirpofe 

3. The fome reflection may be made on plants, 
and even on trees, fometimes of confiderable 
l?ulk, M^hich fpring up in pure fand, grow and 
even flioot forth deep roots in compact fand- 
ftoncs, or in the clefts of lava of extreme hard- 
nefs. After this we muft not be aftoniflied, to 
fee. the ftones of buildings covered with v^et^i* 
tions, the fmallnefs of which and tlieir extenfive 
fiirfax^es announce, that the conta6t of air alone 
\^ fufficient for their exiftence. 

4» But if we? may conclude from Ais general! 
and conftant obfervation, that folid or pulveru- 
lent aliment is not abfolutely neceffary to vegeta- 
bles; it. is not the fame ivith regard to lights 
caloric, air, and water. Too many fefite here: 
concur to leave us any doubt, that tliefe fubf 
ftances, fo abundant around- the globe^ on its 
furface, or in its cavities, and which nature has 
placed in every part, are indifpenfable to their 
exiftence : and that in the abfence of more fub- 
ftantial nourishment, which the foil fo frequently 
refufes, plants draw from thefe immenfe refer- 
voirs of life and matter the fubftance requifite 
for their fupport. We muft therefore feparately 
examine the influence of each of thefe primitive 
matters on vegetation. 
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Article III. 
Of the Iiifluence of Light en Vegetation. 

1 . IT is a faft long Istidwn, that vegetation 
is Very ftrikingly afFeded by the light of the 
fuiL Plants appear to feek it, and to turn 
toward the fide whence it comes. It is obferved 
on the mantlapieces, on wliich bulbous rooted 
flowers are put to grow ; for thefe flowers incline, 
toward the windows. It is remarked in forells,. 
where trees are very clofe together : in this cafe, 
the trees fl^oot upward, and by their vertical: 
pofition feek the light one over the other, accord* 
ing to their vigour. Their afcent is even pro* 
moted by planting them at little diftance from* 
.each other. 

2. This kind of affeftion in vegetables for lighli 
is fuch, that we fee plants enclofed under woodea 
frames whic^ have but a few chinks, and where, 
the air circulates underneath, incline toward the. 
chinks, and bend down to feek the rays of light, 
Herbs fown in fubterraneous places flioot toward, 
the air-holes, and rife along the paflages through 
which a portion of light is tranfmitted. 

3. All vegetation that takes place in the fliade. 
is accompanied with phenomena, which ftrongly 
prove the influence of light. From the feeble, 
herbs which grow beneath ftones, between ihady 

tuft^' 
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tufts of mofs, or in the fubterrancan cavities of 
mines, to thofe which are fown for the purpofe 
in cellars ; thefe vegetables every where exhibit a 
loofe, foft, and watery texture, herbaceous and 
flender ftalks or flioots, without vigour, without 
tafte, without colour. Their fibres, drenched with 
fluids, and as it were oedematofe, never aiTume 
the woody chara6ler» Their tafte is always 
aqueous and infipid ; they never become aroniatic 
or odoriferous. They are generally called etio- 
lated or blanched plants. The fame phenomenon 
takes place in leaves which envelope and cover, 
one another ; either by enftieathing, or by folding 
over one another, as in lettuces, fuccory, carda- 
moms, which gardeners keep clofe together by 
bands, and in cabbages, &c. The external 
leaves are very green, thofe within arc white 
and etiolated. 

4. On the contrary, the places where light 
falls more direflly, the climates fituate under 
the equator, or near the equinoftial line, abound 
l«^ith hard, woody, coloured, aromatic vege- 
tables. Thefe are the country of hard woods, 
of very dark and often folid leaves, of volatile 
oils, of refms, of the camphor principle of aro- 
matics, of very fapid and powerfully medicinal 
plants, and even of the moft terrible vegetable 
poifons. This effeft is very ftriking alfo in tem- 
perate climates, with rcfpe6l to plants growing 
freely in the open air, in fields where they re.- 
ceive the light of day on every fide, compared 
with others of the fame fpecies raifed by art in 
the fhade of under-ground places^ as has been 

done 
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done with different varieties of endive and fuc* 
cory, cultivated for winter fallad* 

5. This influence of light is Ihown even by 
the eflfieft of lamps, according to the interefting 
experiments of Citizen Teffier at Paris, and of 
Mr. Humboldt at Berlin. The latter gentle-^ 
man, it is true, has proved moreover, that the 
contaft of fome other elaftic fluids may in a 
certain degree fupply the place of light, and 
produce analogous effefts, as I fhall fliow far- 
ther on: but it is not the lefs true, that the 
artificial light of lamps produces an a6lion 
fimilar to that of natural light ; and that by 
increafing their number, we may produce in ve- 
getation phenomena more or lefs fimilar to thofe 
which are feen to be effefled by the rays- of the 
fun. 

- 6* The caufes of this effe€t of light on vege-* 
tation have not yet been decidedly difcovered, 
or at leaft fo confirmed, that no doubt about 
them remains" in the minds of natural philo- 
fophers. Some think that it is by a real corn- 
bination with vegetable matter that it chanfi:es 
it8 nature, and that it particularly effefts it$ 
conibination : others aflert, that its contaft 
merely favours the decompofition of water and 
carbonic acid, and the fixation of the hidrogeti 
of the one and the carbon of the other, in the 
vegetable compounds, and the evolution of their 
oxigen in a ftream of gas. We fliall fee prefently, 
ift'tbe fubfequeht articles, the fads by which I 
fem-kd te imagine the fecond opinion more pro*" 
i-^V6t. VIIL A a bable 
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bable than the firlt Still it muft be obferved, that 
the efFeft of light on vegetables, to whatever 
caufe it may be owing, is to warm them, to in- 
creafe their power of fudtion, to refill the feptic 
decompofition, to colour them, to give rife to 
oleaginous, aromatic and acid fubftances, to pro^ 
mote the evolution of oxigen gas, and to ren- 
der vegetation in general very aftive. 



Article IV. 
Of the Influence of Air on Vegetation. 

1. THE great influence of the air on vegeta- 
tion is no more to be doubted than that of light; 
or rather even thofe natural' philofophers, who 
do not conlider its influence to be fo powerful, 
at leaft admit the great neceflity for air in this 
operation of nature ; and in faft all the pheno- 
mena, which plants exhibit, combine to prove 
the utility and even neceflity of air in vegeta- 
tion. The vigour with which plants thoroughly 
expofed to it puQi forth, and the languor which 
vegetables deprived of it difplay, ' are well 
known. 

2. It is a very certain and conftant faS, that 
there is not one* plant, which, if confined under 
a veflel where the' air is not , renewed, though 
all other .circumftances Ihould be completely fa- 
vourable to it, would not die in a longer or 

fliorter 
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liiortcr time, according to the quantity of this 
fluid allowed it : while if it be taken out of thi^ 
prifon, the moment it begins to droop, and 
placed in the open air, or if freih air^ efpecially 
oxigen gas, be let into the veffel, it foon ret 
fumes its priftine ftrength and vigpur. This 
phenomenon is feen on a. much larger fcale, 
when wp compare the diminutive ftateand little 
growth exhibited by the fame plant in a clofe 
and confined garden, with the fize which it 
acquires in a fpacious field ; the fmalhiefs of 
crops of corn in the neighbourhood of trees,, 
with the abundance aftbrded in an open coun- 
try ; the difference in many vegetables grow- 
ing in the depth of dark and ihady forefts, 
from the height and ftriength they attain in an 
open fituation, and on the ridges of hills or 
niQUiitains. 

3. But in what does this' influence confift, 
and where is the c.aufe tO: be found ? The air of 
the atmofphere is a fluid that abounds with 
fuch different matters, befide the proper nature 
of its two component parts, oxigen gas, and 
azote gas, and the fmall portion oi{ carbonic acid 
gas, which it always contains, particularly with 
regard to the very different quantities of wa- 
ter, which it diflblves according to a multi- 
tude of various circumftaiKres, that it is very 
difficult to determine by what material it is fo 
eminently and indifp^nfably conducive to ve- 
getation. Hence, thi^ part gf the problem of 
riie phyfiology of vegetation is yet perfectly 

A ^ $ new. 
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new, and ha» never been folved. Natural phir 
lofophers have offered different hypotbefes, thp 
truth of which has not yet been confirmed by 
experience. Some have fuppofed, that air^ per 
netrated into vegetables, and fupported life -in 
them by a kind of refpiration, as it does in 
animals. Hales was inclined to this idea, froia 
his experiment in which he had feeii the aif 
pafs into the ftalks of plants, when be made a 
vacuum round the lower part of them mclofed in 
the receiver of an air-pump. But this experi- 
ment affords nothing applicable to the me* 
chanifm of vegetation, fiince the vacuum, which 
is the caufe of this paiTage of the air, can never 
take place in plants. We can never find any 
thing in thefe that refembles the refpiration of 
animals. 

4. Other natural philofophers liave fuppofed 
that the air conveys nourifhment to plants, and 
^lat it is wholly, or almoft wholly, derived to 
them from the atmofphere; that for plants to find 
their nourifliment in it, this fluid muft always 
contain an equal proportion of its two elaftic 
fluid principles; tlmt when its oxig^n gas, 
which is particularly fubfervient'to vegetation, 
is exhaufted, it can no longer maintain this 
opei'ation, and then the plants die.^ As to the 
neceffity of this renovation, they admit it in 
that of receiving a fort of excrements^ or a ve* 
getable perfpi ration,, which converts its oxigeh 
gas into carbonic acid, or in that of fu^niihing 
by its abforption one of the aliments of the ve- 
getable; 
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getabl^ Both thefe ideas may be true at the 
&me trme. No direft or fufficiently accurate 
experiment has yet proved, that either of them 
merits our exclufive preference to the other. 

5. The neceffity of air to the fupport of ve- 
getable life' appears to depend fo eflentially oa 
the prefence of oxigeri gas in this fluid, that^ 
according to the experiments of Mt Ingen-* 
houfz, plants may be made to vegetate in gafeg 
that are not refpiraWe; particularly in azote gas 
stnd hidrogen gas, provided a certain xpiantity 
of oxigca gas be introduced into them* It ap- 
pears- that, the . oxigen gas, becoming the reci- 
pient of the carbon given out by the platits, 
which is one of their excrements, thus paflTes to 
the ftate of carbonic acid, which is capable 
itfelf of ferving anew the purpofes of vege- 
tfltioii, as I ihall fliow in oi^ of the following 
articles^ 



Article V^ 

Of the Influence of Water on Veg€tatio)u 

1. WATER is fo ufeful to vegetation, and 
this utility is fo apparent to all men, that the 
majority of natural philofophers cbnfider it as 
ttie primum mobile of the growth of plants, and 
aa the moll ufeful of the matters that enter 

into their compofition, from the date of the ex* 

perimeuts 
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perimentsof VanHelmont, Boyle, and Duhameli 
who made trees grow in pure water for manry- 
years; to thofe of Tillet, who has proved that the 
nature pf the foil in which feeds germinate is 
almoft indifferent, and that they require fcarcely 
any thing for their generation but the prefence 
of water. « All the experiments of philofophers, 
all the obfervations of naturalifts and hufband- 
men,, combine to prove the great utility of water 
in vegetation : and its fupcrior importance to 
all other matters is a faft generally acknoir^ 
ledged, on which no doubt can arife, and the 
explanation of which has much engaged the 
attention of the learned, 

2. If ftill more to confirm this primary in- 
fluence, this great utility of water in vegetation, 
it were neceffary to add to the accurate but 
always confined experiments of natural philo- 
fophers effects equally conclufive by their au" 
thenticity and magnitude, experiments made on 
a large fcale, we might cite the fertility of 
places always wet, the richnefs of watered mea^ 
clows, the advantage that land through which 
rivulets flow pofleffcs over a dry and acrid foil, 
we might appeal to the celebrated experience 
of the annual inundations of the Nile, and the 
ibrtility of Egypt in confequence of this in- 
undation, confidered by the inhabitants as the 
efpecial favour of Heaven. Fa6ts borrowed 
from praxftical agriculture, and the hiftory of 
the produAions of different countries, would 
furnifli irrefragable proofs of this well eftablifted 
'^ influence 
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influence of water on vegetation, proofs that 
might even be ftill more accumulated with 
advantage., Another equally ftriking might be 
found in the remaikable induftry of the gardeners 
who cultivate the marflies near Paris. Froni 
tliefe mar(hes,' fituate all around that vaft city, 
they derive great profits, they cover the ground 
with abundant and uninterrupted crops, and 
they are indebted for this almoft aftbnifliing 
feries of vegetable produ6lion to. the enormous 
quantity of water, which they ^re inceffantly 
conveying into their grounds, and the continual 
waterings, Avith which they fertilize them, 

3« One important qucftion arifes refpeciing 
this influence of water in vegetation : to en^^ 
deavour to folve it, we muft begin with obferv- 
ii\g in what manner it a6ls on the different 
organs of plants^ There is no doubt that it 
paffes through the roots ; fmce a dry, withered 
plant ere6ls itfelf, is refreflied, and continues to 
vegetate, when its roots are put into water; 
(ince we fee coloured liquors afcend in the vef- 
-fels of young Avhite radicles, and impregnate 
them with their colour; and laftly, fmce every 
plant, every tree of which the roots are more 
or lefs watered or *hume6i;ated, pu flies Avith 
more or lefs vigour, and fulfils all its funftions. 
This M''ater afccnds into the ftalks, and diff'ufes 
itfelf through all the parts of plants; it flows 
off or efqapes in part by the leaves, which pour 
it out into the atmofphere ; and the more abun- 
flaut this traufpiration is, in confequence of the 

heat 
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heat and diffolving quality of the air, the 
inore confiderable is the fusion of water by the 
roots. 

4. It is equally indubitable, that germination 
is produced, if not exclufively, at leaft in part, 
by the help of water; (ince feeds before they ger- 
minate require its abforption ; fince all dry mat- 
ter excludes germination ; and (ince moift earth, 
or fome wet fiibftance orfurface> is neceffary to 
occafion it It does not appear, however, that 
it can take place from the aftion of water alone, 
and that feeds wholly immerfed in water can 
germinate: it is even imagined, that this does 
not take place in aquatic plants, the feeds of 
which ilioot out only on the furface of the wa-' 
ter, and fome of which afterward fink in the 
veflel, in order to attach to it their roots. But 
is it only by the feeds during germination, and 
by the roots during vegetation, that water thus 
penetrates vegetables; and is there no other 
way, by which it introduces itfelf into plants? 

5. Moft of the natural philofophers, who have 
employed their attention on vegetable phyfics, 
have thought that the leaves of plants were full 
of veffels and abforbent pores, by which they 
inhaled or fucked up from the atmoiphere the 
water feparated from it in the ftate of dew, and 
that this abforption, which might fupply the 
place of that of the roots when the earth was 
dry, was cairied on particularly by night, and 
when the dew fell, In fupport of this opinion, 
fome have even adduced the difference between 
the two furfaces of leaves, fp well obferved by 

Bqunet, 



Bonnet, and which is fo great in their ftru6lure 
as well as fun6iions, that, if placed on water 
with the lower or rough furface next to it, the 
leaves remain green, and vegetate; but if placed 
on it with the upper or fmooth furftice down- 
ward, they dry and perifb, or live a much fliorter 
time than the others. , ^hc former furface was 
efteemed abforbent or inhalant, and the latter 
exhalant. But we do ndt fee how, or by what 
power, the water of the atmofphere can pe- 
netrate them ; how it can infinuate itfelf into 
the veflels of plants, without repelling the 
dnids contained in tHofe veffels, unlefs we fup^ 
pofe a vacuum; and this, we know, isnot de- 
monftrated. 

6. In whatever manner, or by whatever w^, 
water infinuates itfelf into the veflfels 6f plants 
it is ftill certain that it paffes through them coti- 
tintially, that it penetrates all their organs and 
every part, that it is inceffantly renewed m 
theiip, and that this renovation and circulation 
are neceffary to the^ exifience of vegetables, 
fince the ftrength and quicknefs of vegetation 
pretty accurately correfpond to the quantity of 
water abforbed. Nothing more is wanting,- 
than to know for what purpofe water is ufeful 
in the nutrition of vegetables; for the growtla 
of phnts is the eifeft of its introduftion into 
their interior parts, its flay there,, and its paf-^ 
fage through them. All that the ftate of fci- . 
enice has hitherto enabled us to difcover is what 
follQAVS, The vater which paffes into the roots, 

^nd 
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and is Altered through them, carries with it 
at firfl all that it has taken from the earth, 
which is impregnated, with it; ahd in this point 
of view it is the vehicle of all that the earth 
can contain for the food of plants. 

7. It is at prefent fully proved, that water 
impregnated with air, and with Tome foluble 
elaftic fluids, is much more ufeful to vege- 
tation than water deftitute of air, or boiled 
water. Hence fnow- water, which, as the fnow 
gradually inelts, refumes the air it had loft, and 
in this ftate of aeration infinuates itfelf into 
the earth, where it waters the roots, occafions 
fuch;a quick and remarkable vegetation in the 
beginning of fpring. For the fame reafon the 
water of a fine and gentle rain, which, after 
.having traverfed a portion of the atmofphere^ 
and taken from it a confiderable quantity of air, 
uniformly covers and gradually penetrates the 
foil, in which the roots of plants are fixed, gives 
activity to the growth of the plants. It is re- 
marked alfo, that M'hen plants are watered from 
a well or a ciflern, their vegetation is much 
feebler than when the water employed for the 
purpofe has flowed a certain length of time in 
contact with tjie air, fo as to have been able i^ 
faturate itfelf with it; 

8. The different matters capable of contri- 
buting to the nouriftiment of vegetables, which 
are contained in the earth, are there in a dry 
and folid form, which does not allow them to 
penetrate the texture of roots, or confequently 

that 
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that of the ftalks of plants. It is the water 
which conveys the molecules of different na- 
tures, that may ferve as food to plants, either 
fufpended from being in a ftate of minute di- 
vifion, or as aftiially diffol ved by an appropriate 
chemical agent. Thus it is water that imparts 
to thefe molecules, by which vegetables arc 
nourifhed, that liquid form which ^s fuitable to 
them, and without which they could never be 
introduced into the texture of plants. The 
more of this folvent paffes into them, theofnore 
alimentary matter we muft conceive to be jcar- 
ried with it into the organs of plants. We Ihall' 
fee that water can thus convey even filiceous 
earth, which is a6lually found in the analyfis of 
vegetables after the feparation of all the folubl^- 
faline, inflammable, and othei^ matters. 

p. It is almoft ufelefs to point out that water, 
.by inceffantly pafling along the veffels of vege- 
tables, conveying into them different fubftances 
adapted to increafe thqir fubftanceand add to 
their growth, diftends, fills, fwells, and elon- 
gates their canals ; that it fupports their parcH* 
chyma, their air-veffels, their texture in general, 
in a proper degree of diftention ; and thus wc 
readify conceive how, after a drought, a drying 
wind, or expofure to the burning rays of the 
fun, drooping plants, the wrinkled, bowed, and 
ffilling leaves of which threaten even to pals into 
a ftate of greater fuffering, and to certain 
deatli, if their thirft be not fatisfied, rife up, 
exert tbemfelves, difplay their leaves in fuch a 

1 ' degree 
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degree of extenfion, and with fi;^ch openntfs, 
fpread, and colour, as arc fuifcible to their exift- 
ence, and foon begin to pufii forth wit^ more 
vigour than before. 

10. No perfon' doubts like wife, that water in 
its natural ftate, and without decon>pofitioH, 
enters as fuch into plants for one of their con- 
ftrtuent principles, and makes a part of the 
d^m^nts of which they are compofed. Thus 
water forms the bafis of the fap, and of all the 
juices found in them; thus it holds in folution 
theif acids, falts, and extraftive matter ; it 
ibftens their mucilages, &c. This was the only 
idea the ancient chemifts had of the ufe of water 
in vegetation ; and they carried it fo far as to 
imagine, that water exifted in a folid ftate in 
feveral vegetable compounds. At prefent wc 
have a greater opinion of its vegetative utility. 

11. Since Lavoifier and Citizen Berthollet oc- 
cupied themfelves with this fubjeft in 1785 and 
1789, fince Ingenhoufz difcovered, that leaves 
inimerfed in water, and expofed to the fun emit- 
ted oxigen gas, it has been imagined that watelr 
was decompofed in the veflels of vegetables, and 
particularly in thofe of their leaves ; that this 
decompofition was promoted by the conta6l of 
light, efpecially by that of the fun ; that the 
eiFe6l of this decompofition was the reverfe of 
that which chemiils acconipliffi by means of 
combuftible fubftances, the water depofiting in 
the plants its hidrogen, which formed in part 
their oils, extraSs, and .colouring matter ; that 

a portion 
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a portion of its bxigen at th^; fame time bai 
came fixed in them to conftitute their mucous^ 
faccharine, feculent, and other oxides, or vege- 
table acids ; that the greater part of this oxiding 
and acidifying principle, detached or feparated 
from the liidrogen, and diffolved by the Caloric 
of light, affumed the form of gas, and iffued fre- 
quently with rapidity from the furface of ve- 
getables, and particularly from their leaves, to 
diffufe itfelf in the atmofphere. 

12. Thus in the difcovery of the decompofi- 
tiou of water in leaves expofed to the rays of 
the fun, were found at once an ingenious ex- 
planation of the great utility of this fluid in 
vegetation, and a fource of the two principal 
elements which enter into the compafition of 
the fubftances found in plants, among which- 
hidrogen is well known to a6l the chief part j 
and we are enabled to conceive how nature 
renovates the atmofphere by a very fimple mef*- 
chanifm, and imparts to it by means of A^egc- 
tation, which is in this refpe<5l a decombu£-i 
tion, the pxigen that fo many caufes hicefiafltly 
combine to take from it Thus fram the know-* 
ledge of a fimpie phenomenon, and of one fingle 
caufe, we are enabled to account for a number^' 
of complicated circumftances and fadls; the- 
exiftence of which, or their connection' wil&: 
natural philofophy, was not before. conceived,; :' 
It muft be remarked, however, that thcKC ai^e:^ 
fome modem philofophers who deny this de*^'* 
compofitioti of water by living leaves, ^flSftcd-i 
3 by' 
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by expofurc to the fun.; we ihall fee prefently 
on what their denial of it is founded 



Article VL 

Of the Influence of carbonic acid Gas^ and of 
fome other Gafes on Vegetation. 

1. AFTER the principal difcoveries of the 
differences aild properties of the various fpecies 
of elaftic fluids, attempts were made to afeer- 
tain their a6lion and influence on vegetation. 
It was foon perceived, that no ga^ but common 
air and oxigen gas could maintain this grand 
phenonotenon, and that in this refpeft it exhi- 
bited a very fl;riking analogy to the life of ani- 
mals, and to combuilion. 

2. But it was perceived, in the courfe of thefe 
x^earches, that the purity of the air was far 
from being as indifpenfable for the fupport of 
vegetation, as for that of refpi ration; that ve- 
getables continued to live in air too much 
altered or fpoiled, to be capable of fupporting 
animal life ; that mofl; of them even ihoot forth 
more vigoroufly in an air fomewhat impure 
than in very good air ; and that in the lat- 
ter cafe the fpoiled air, which fervcd for this 
more vigorous vegetation, was perceptibly im- 
provedj at leaft, in the; firit periods of this 

a6UoD^ 



^ ON VfcGETATIOlff. 36t 

&6tion,^ infteadof continuing to grow noxious, 
as it does in every fort' of combuftion, and Ity 
the refpiration of animals. 
' 3. When the laft-mentioned fa6l, that of plants 
vegetating with more vigour in fpoiled air than 
in very pure air, had been confirmed by expe- 
riments fufficiently numerous, it remained to^ be 
determined, to what this Angular efFefil was ow- 
ing;- what kind of alteration in the air, ib far 
from being injurious to vegetation, feemed to 
be advantageous to it ; what gas, diminiOied or 
added to the atmofphere, produced this Angular 
efk&. ; and by what mechanifm it wks in reality 
brought about. Though this is not yet com- 
pletely determined, fome important fa6l:s how- 
ever have l>eeu difcovered in the refearch, which 
may ferve at Iccjift to folve a part of the great 
queftion included in the inquiry. ' ' 

4. It has been difcovered, both by the ana- 
lyfis of air fpoiled by animals and ftill fit for 
vegetation, and by the artificial coTiipofition of 
mixtures pf airs in which plants have been fet 
to vegetate, that this advantage to vegetation, 
q£ air previoufly ufed, was owing to a certain 
portion of carbonic acid, contained in it mucli 
greater quantity than in common air. Mr. 
Ingenhoufz convinced liimf(?lf, that by intro- 
ducing into azote gas and into bidrogen gas, 
cither of wliiiph alone is incapable of Supporting 
if!segetable ii&j a certaim quaiiitity of carbonic 
ai^id gas^; they. became capable of it. ^r. Hum- 
boldt, kfiis efiuecHfotusd/ that eight or ten hun^ 
,i'yr. dredth 
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dredth parts of carbonic acid gas, added to 
attnofpheric air, rendered it extreniely fit for 
vegetation; and that fuch y/as foqietimes the 
Hate of a certain part of the air of mines, .where 
a whole qlafs of crypogamia plants germinated, 
and fliot forth briflcly. 

5. This utility: of cafbonic acid to vegetation^ 
and the influen4ce it ixianiftftly has on thi$ fiiOCr 
tion, are difcoverable alfo iji water inipregnated 
with it, and which is known to be much better 
for watering plants than common water. There 
is fcarcely any fubterranean water, filtered 
through ftrata of vegetable mould, which doe3 
jiot contain fome portion of carbonic acid ; and 
this water, juft as we find with refpe^l to ani- 
mals, not only is without danger like the pure 
acid gas t^ the fupport of vegetable life, . but 
even contributes in an eminent degree to aug* 
ment its a6livity, and increafe its energy. 

6. The aQion which this acid produces, 
cither as gas added to the air in which the 
plants arc immerfed, or as diffolved in the water 
which their roots abforb, or as combined with 
the aqueous vapour or dew which moiftens their 
leaves, appears to be owing to its decompo* 
fition, which is effeifted in the texture itfelf of 
thefe laft mentioned organs, and is fliown by thtt 
experi.ipents of Mr. Ingenhoufz and Citizen 
Sen neb ier. In this kind of. decompofit ton ^ aiia^ 
logons to that which isietfeSed bjr. phofphorus 
heated with carbonate ofibda,.thato^lia)je, && 
the carbon of the . jQarbxHiicvticid h ie^ariited 

from 
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from its oxigen, and combines' with hicjrogen, 
oxigen, &c. to form the different immediate 
materials of plants, which we know contain 
thefe primary principles, and the greater part of 
its oxigen, which forms 0,72 of it, is evolved 
as an elaftic fluid, mixing with the air, and me- 
liorating it. 

7- In this elfeft we cannot but perceive one 
of the fources of the carbon that exifts in plants^ 
and which fo frequently conftitutes the greater 
part of the elements that compofe them ; and 
while this manner of explaining the mode of 
intromiffiou into the dufts of vegetables, gives 
a very fatisfaftory reafon for the ufeful influ- 
ence, that the carbonic acid gas contained in 
fpoiled air has on plants, it has the advantage 
of enabling us to underftand one of the mofl: 
difficult, moft abftrad, and mod profoundly 
hidden phenomena exifting in vegetable phy Acs, 
that of the formation of the carbonaceous com- 
pounds, which exift fo abundantly among the 
materials of plants. 

8. It is to the fame caufe only w^e can afcribe 
an effeSt equally remarkable produced oil vege- 
tables by carbonated hidrogen gas. This gas, 
when pure, kills thefe organic beings pretty 
quickly ; but mixed in a, certain proportion with 
atmofpheric air, it manifefl:ly increafes its pro- 
duftive property in vegetation. There are even 
circumfiances well known by farmers, in which 
this gas, efcaping from marfhes, pools, bogs, 
totten dunghills, the water draining from them, 

Vol. VIIL Bb ftables. 
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ftables, &c. and enveloping plants completely 
in all parts, makes them grow with great rapi- 
dity, and fometimes even, amid this rapid 
growth, occafions them to contrad a fmell and 
tafte, which atteft its influence. It is- too evi- 
dent, to require a more minute explanation 
here, that this effe6l is owing to the fame caufes, 
and depends on the fame theory, as the influ- 
ence of carbonic acid; and that, though the ac- 
tion of carbonated hidrogen gas be more fpeedy 
than that of tl>e carbonic acidy it arifes from 
the carbon it contains being more naked, and 
more difpofed to penetrate the veflels of plants, 
than that which being united with oxigen, ad- 
heres more ftrongly to it, •and is more difficult 
to be feparated. 



Article VII. 

Of the Influence of the Soil^ and of its 
Amendment^ on Vegetation. 

L OBSERVING vegetables fixed in th^; earth, 
men have always been led to think, that the 
foil in which their roots were buried furnifhed the 
principal matter of their nourilhment, and that 
they derived from this all thequah*tie3 by which 
they are diflinguiihed, Hence, the ancient no^ 

tiOD, 
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tion of tiie contieflion of foils with tjjeir pro- 
du6liony, which has always coiiftituted one pf 
the principal or fundamental dogtnas of agri- 
culture. The fame ideas of the influence of the 
earth in favour of this or that vegetable, or 
giving to fuch a plant a peculiar chara6ler, have 
always been propagated from ancient times to 
the prefent j and there is not one fiiigle farmer 
in our d^ys, who is not perfuaded, tliat plants 
derive from the foil in which they grow charac- 
ters depeilding on it exclufivelvi fuch as a 
particular flavour, a peculiar fmell, &c. 

2. In realitv there can be no doubt, and too 
many examples confirm it, that the quality of 
foils is communicated to the vegetables planted* 
in them : it conflitutes what is called the tajie 
of the foil. Thus grapes, fruits, aujd particu- 
* larly pulfe, ftalks, leaves, and roots, acquire in 
marflies a tafle, fmell, coniiftence, and colour, 
manifeftly depending on the qualities of the- 
earth where they have grown. This remark 
may be extended even to wines produced by 
fermentation, the refult of a profound altera* 
tion experienced by -vegetable juices : we know 
that they partake of the nature of the foil where 
the vine has grown, and that we may diftin- 
^uifli in what is calFed the bouquetj or peculiar 
fmell, the difference of a dry. fandy, filiceous, 
flinty foil, or too wet, too rich, and too ftrong 
giround. Thefe general data, of which we 
cannot doubt, as well as thofe refpe6ling the 
particulardifpofition of a particular foil to give 

B b 2 birih 
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birth to certain pro(hi6liotis, irrefragably prove^ 
that every foil has a dive6t influence on vege- 
tables growing in it. 

3. But though this truth be well eftabliihedy 
there is one equally certain ; namely, that what 
are called foils are powders or maffes very com- 
plex in their mixture and compoiition ; and to 
deternjine with accuracy the kind of adlioD 
they exert on , vegetables, moftof the ppoperties 
of which they modify, it is neceffary to inquire 
particularly what h owing to the earth properly 
fo called, and what is effected by fiibftances 
foreign to the earthy particles iliixed with them. 
The firft conftitutes the bafe of the foil properly 
Speaking, the fcoond belong mope of lefs to the 
article of manure, which will be* the next on 
which I fliall treat. 

4. Among the foils in which vegetables growr 
it would be vain to feek a pure and ifolated 
earth. The finefty drieft, moft acrid fand, ^ 
preaching neareil to liliceous earth properly fo 
called, is always a mixture of quartz, aluminCy 
and frequently a little calcareous matter. To 
determine in what manner each earthy fub- 
fiance contributes to vegetation, or to the fup- 
portof vegetables, the chemifts who firft applied 
their fcience to agriculture and vegetable phy- 
ficst particularly examined the manner in whicl^ 
feeds comport themfelv^s in each pure earth 
chemically prepared; and though it follows 
from their experiments, tliat feeds gernnnate 
very well in arid eartlis^ well walhed^ infipidy 

4 . and 
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and deprived of every faline particle, provided 
diefe earths were huniefta ted, it is likewife fiif- 
ficiently proved, that neither of them excUifively 
or powerfully favours vegetation. Seeds may 
be made to germinate alfo in metallic powders 
or filings, and on fpdnges, cotton, tow, &c. 
moiftened with water; hut in thefe mediums 
vegetation does not continue long, it never 
reaches its full term,^unlefs vdth delicate, weak, 
and fmall plants, which require but very little 
fubftance for their nourifhment^ 

5. From thefe trials, however, it has been 
concluded, that the foil forms no more than a 
Simple fupport for vegetables; that it affords' 
a lodgment and ftay for the root§ ; that it merely 
ftirrounds thefe with the water and nutritious 
matters of which they have need, and of which 
it is only the receptacle; that it requires 
jonly to be very eafily permeaWe by the roots, 
to retain a fufficient quantity of water to keep 
them always moift, to be fufficiently divided to 
let the air and every part of the light pafs 
between its molecules, and not to be fo compaft 
as to comprefs the radical fibrils. It can fcarcely ^ 
be doubted, that a fmall portion of the earth 
itfelf penetrates the roots, and is conveyed into 
the interior of vegetables, by the abforption of 
which the vegetable organs are capable, and by 
its ftate of divifion, or even of folution in 
water. 

6. Bergman, in his differtation on geoponic 
earthsy infers from a great number of experi- 
ments, 
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ments, that the beft earth for the pradu6lioii of 
vegetables is a mixture of two parts of cal- 
careous eaith, one part of magnefia, four parts 
of alumine, and tliree parts of fand. All the 
refearches of the moderns have taught them, 
that falts contribute nothing to vegetation; 
that on the contrary there is reafon to believe 
them to be ialways injurious to it: that pure 
earths alone, or -mixtures of theni with one 
another, were not fit for it; and that fertile 
earths lofe all their properties by the a6lion of 
fire, Thefe laft fa6ls have been particularly ob- 
ferved by Mr. Giobert, a chemift, at Turin. 

7, From all the experiments, which have been 
varied in a thoufand ways, refpefiing the rela- 
tion that vegetables bear to the foils in which 
they are planted, one uniform, conftant, and of 
courfe certain refult has arifen : this is, that of 
all the fubftances found in the mixture of earths, 
that conflitute a foil, calcareous earth contri- 
butes moft certainly to its fertili?jation. There 
is nothing equivocal,"* uncertain, or contradic- 
tory in this fact. It is afcribed to this, that 
moft of thefe calcareous fubftances retain fome- 
thing of their ancient animal origin, which 
becomes a fort of manure. For my own -part 
I have no doubt, that this fertility muft be attri- 
buted to its carbonic acid. Be this as it may, 
it is fq true, that calcareous matter is the moft 
ufeful of all earthy or faline* earthy fubftances 
in agriculture, that formers frec^uently renew 
their land \yith it, 

8, It 
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8* IHs neceffary to mention, however, that 
though calcareous earth is the moft frequent 
and moft ufeful fubftancc that can be employed 
for improving land, and on this account, marie 
<;laims the firft rank even among manures, 
the art of improving lands, confidered in its 
greateft latitude, cannot be confined to a fingle 
procefs, but muft vary according to the nature 
of the foil on M^hich the farmer is to operate* 
Marie and elialk are certainly fuitable to a 
ftfong and too clayey ground; but land too 
uniformly calcareous or fandy may require, on 
the contrary, clay to give it the binding qua- 
lity it wants, and the property of not drying 
too quickly, but retaining the water a little 
longer than it did before* 






r Article VIII. 

r ■ V ^ 

Of the Jnfluence of Manure on Vegetation. 

1. IT has been proved above, that pure and 
ifolated earths do not diredly ferve for vege- 
tation ; that water alone can apfwer the purpofe 
ftriaiy fpeaking, but that it does not furnifh 
all the principles neceffary for fertility and the 
complete growth o( plants; fo that, for inftance, 
inoft afford no fruit, or at leaft their vegetation 
is feeble. Though it has long been fuppofed, 

that 
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that plants are nburiflied by means of their 
leaves, and derive their aliment from the aii^ 
fo that they appear capable of growing by 
means of water, light, heat, oxrgen gas, and 
the eUftic fluids thatufually compofethe atmof- 
phere, it is equally feen, by all the data and ex- 
periments of agriculture, that the; greater part 
of the nourifliment of vegetables is derived from 
the earth, and that the earth greatly influences 
their condition, ftrength, quicknefs of growth, 
the nature, tafte, and fmell of their fruits, &c. 
2. It has long been obfervcd, that the earth, 
in affording vegetables the principles neceflary 
for their growth, is, c-xhaufted at the end of 
fome time, and that it is neceflary to reftore to 
it what it has loft. Hence it has been inferred, 
that fomething pafled from the earth into the 
plants, and that this portion neceflary to vege- 
tation was gradually diflipated, fo that we were 
obliged to reftore it to the foil. It is this addi- 
tion of nutritious and vegetative matter to 
the earth which is called manure. Nature 
itlelf furnifhes the example of this neceflity of 
continuajly repairing tlie lofs the foil fufl'ers 
from the vegetables that penetrate and cover 
it: every year it reftoies to it what tlie plants 
abforb by the remains of thofe which die, ac- 
cumulate on the ground, putrify there, are 
decompofed, and thus form fucceflive layers ofa 
foit of mould, or vegetable earth, in which 
germes unfold themfelves kindly, and roots 
imbibe the principle of vegetable nutrition. 

3. It 
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3. It is by this natural li^echanifm, that 
ground crowded with trees and vegetables of 
clifFerent kiads growing every where around 
them, becomes covered to a greater or lefs depth 
with vegetable earth, which long fecures its 
fertility It is this layer of fertile mould, 
which men find after clearing ancient forefts, , 
and in which they fcatter the feeds and germes 
of various plants, which acquire in it a quick 
and fpeedy growth. Thus in d fucceffion of 
ages are formed thofe lands of inexhauliible: fer- 
tility, which man takes from the hands of Na^- 
tare in the forefts of America ; where he begins 
by cutting down or confuming the ancient 
vegetable inhabitants, before he enters upon the 
ufeful cultivation of many plants, to which 
our cold or temperate climates are incapable of 
affording nourilhment. 

4, The farmer iniitates this procefs of nature, 
when land appears to him exhaufted of itsnutri- 
tious juices, by too long or too vigorous vegeta- 
tion : flirring it up with the plough, or fome 
^tlier inflrument, he likewife adds to it the 
remains of vegetable or animal fubflances, which 
are called manure. Moflcommonly thefe remains 
^onfift of the ftraw which has been ufed as litter 
for animals, and which, impregnated with their 
excrement and urine, is laid in heaps to beat, 
ferment, putrefy, diminifli in bulk, and become 
what is called dung. The leaves of trees heaped 
up in a fimilar manner, watered, heated-, fer- 
mented, fottened, and decompofed, are likewife 

ufed 
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ufed for the fame purpofe. The bones of animals, 
the horny parts, and even the hardeft horn», 
cut into flireds or fragments, or ground to 
powder, are alfo ufed frequently for manure in 
fome countries. In feveral, human excrements 
long kept, and fometimes converted into a 
dry inodorous matter, known by the name of 
poudrette, is employed for this purpofe. 
- 5* Jt is With the fame defign, but conduced 
on a much larger fcale^ and of more immediate 
utility, that intelligent men, when breaking up 
large quantities of ground, keep on the exhaufied 
or merely impoverifhed land a number of ani- 
mals, particularly iheep ; which, while they ftill 
find on it food fufficient for their wants, render 
immediately to the earth, either by the folid 
and liquid excrements which they depofit on it, 
or by the perfpirable matter which iiTues from 
them when they lie down, more than they 
have borrowed from it. This mode of dunging 
ground indeed requires a confid^rable capital, 
as the firft expenfe is great ; but it amply repays 
the farmer who pradifes it, and whofe fpecu- 
lation turns entirely, as has been feen, on the 
reciprocal converfion of vegetable matter into 
animal fubftance, and of the latter into the 

former. 

6. The fcience of phyfics has long been filent 
,on the mechanifm or caufe of a6lion of manure. 
Ancient chemiftry explained it by a theory of 
faltsand ftimulants, which modern difcoveries 
have difmiffed to the realgis of fable and error. 

It 
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It IS particularly in the latter that this theory 
is placed by, modern agricultural experiments, 
the refult of which has proved, that real fait 
mixed with the earth injures the produftion of 
plants cultivated in it. Pneumato- chemical 
analyfes have furniflied more accurate notions 
of the influence of manure, in teaching us that 
plants are formed of hidrogen, carbon, oxig'cn, 
and fometimes azote, fulphur, and phofphorus, 
without reckoning lime, filex, and pot-a/b. If 
thefe principles alone exift in the fubftances of 
plants, it is evident that they require only thefe 
for their growtlt: 

7. This reafoQ is fuffifcient, to lead us to a 
knowledgeof the aclion of manure. In fa^, in 
the compound fubftances which form them we 
find thefe-^firft principles in abundance: hidrogen 
is contained in them fo plentifully, that it fre- 
quently efcapes in the form of gas during their 
decompofition. The carbon (hows itfelf in them 
by the black colour, which dung alfumes when 
completely rotten, and in the hue of the mould 
into which it is changed. The liquor that 
drains from dunghills, if weabftrafl; from it in 
ima&:ination the ammonia, and the animal fub- 
Oances which are mi;ced with it as foreign 
matter, is for the moft part nothing but water 
holding in folution carbon, which we may fee 
fubfide to the bottom by keeping it fome time. 
Carbonic acid gas is perpetually flying off from 
mould; fo that nothing is wanting to this 
^ compound, necefiary to fupply nourifliment to 
w . plants; 
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plants ; but on the . contrary, the nutritious 
matter they afford is fo abundant, that it is eafy 
hence to explain how vegetation is fo ftrong 
in it, and the growth of plants fo rapid. 

8. We may even judge from this, and from 
comparing the influence of the foil with that 
of the air for the quicknefs of the growth of 
plants, and the vigour of vegetation, that 
the foil contributes much to it through the 
means of the manure with which it m covered, 
and that roots fuck up with great energy the 
different alimentary matters iu a liquid form, 
while very little palTes through the leaves, which 
are rather organs of perfpiration. It is no lefs 
accurately proved to the obferving eye, that 
water is the common vehicle of earths, carbonic 
icid, carbon, and hidrogen, almoft ifolated, 
which are conveyed into the organs of plants: 
that for this reafon its prefence is fo necelTary 
in the earth into which roots penetrate, and 
that in this it ads the double part of promoting 
the flow and fucoefiivc dedompoiitioii of the 
vegetable fubflances that form manure, with a 
fort of diffeftion of their parts, and of con- 
veying thefe into the abforbent veffels of 
plants, 

9. Manures, or the organic matters which 
form them by the mixture of their particles 
with thofe of earths properly fo called, have 
alfo another effeel befide that of furnilliing the 
roots of plants with aliment : or rather this 
principal effeft is accompanied by another 

auxiliary. 
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auxiliary, it is true, but not lefs ufeful. Thefe 
manures we know undergo a continual fermen- 
tation, M^hich attenuates, divides, and decom- 
pbfes them. This a6lion cannot take place 
without an increafe of temperature, and the 
heat thus produced nuift greatly promote ve- 
getation. The earths, very rich in nutritious 
principles, which are employed in the beds and 
hot-houfes of kitchen and botanic gardens, 
earths which contain much horfe-dung, or tan, 
are fo hot, that on thrufting the hand into 
them, we find a great difference between the 
temperature Avithout this folid medium, and 
that within it. Accordingly, many feeds are 
brought to germinate in tliem, which will not 
in our naturalToil; and a great many plants 
are cultivated in them, which would languifli 
or die in common ground. Farmers know, that 
by ufing dung not properly rotted, or too little 
fermented, it occafions a too hafty vegetation, 
dangerous in our climates, where cold fo eafily 
affefts or kills delicate plants rai fed too foon- 
There is no other reafon for their carefully 
avoiding the ufe of too frelli and too ftrong 
dung, but the violent heat it occafions in the 
earth by the fermentation it undergoes : and 
thus with good caufe they term it too hot It i» 
fo true that manures ferment ftrongly, that at a 
certain period we obtain from them alkaline, cal- 
careous, and ammoixtajcal acetites by lixivia^ 
tion, and a ftrong fmell of vinegar is emitted by 
l^eOif if 'we po^ox oa thenji more potent acids. 

10. There 
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10. There is ftill one liiore efFe^l, to be ofr- 
ferved in manures, M'hich was difcovered bj 
Dr. Ingenhoufz: the power ^uhichthey appear 
^ to exercife on the atniofphere, the abforption of 
its oxigen which they eiFeft^ and the tranfmif* 
fion of it from them into the abforbent veffels 
of the rootSy which unqueftionably takes place. 
If a vegetable mould be expofed to the contaft' 
of air in a clofe apparatus^ when we examine 
this air fome time after, we ihall find it deprived 
of a portion of its oxigen. This privation foon 
proceeds to a total abfence of it, fo that it 
is one of the fureft means at prefent of procuring 
atmofph^ric azote gas. Though Mr. Humboldt 
believes that he has obferved this abforbent 
property in pure eartlis, and particularly in 
alumine and magnefia, there is fcarce a doubt 
but it muft be much more powerful in thofe 
which are mixed with vegetable matters; and 
that thefe, conftituting manure, a6l with regard 
to the oxigen of the atmofphere a") a fort of 
combuftibles that have great tendency to 
oxide, and from which roots take this principle^ 
when they have been conveyed into their veffels 
by means of water. 

1 1. It cannot be queftioned.that this oxigen, 
precipitated from the air, and fixed in manures^ 
afts a more or lefs important part in vege- 
tation, when it is confidercd as calculated to 
convert the carbon of manures into carbonic 
acid, fo beneficial to the growth of plants when 
water offers it to them in a diffolvcd and fluid 

^ lute; 
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ftate ; and when, on the other hand, we obfervQ 
the efFe6l produced on the nutrition of vege- 
tables by lixivia of oxigenated muriatic acid 
mixed /with the earth into which roots pene- 
trate. Citizen Pajbt-Defcharmes, who fuccefs- 
fuUy applies the phenomena of chemiftry to 
manufadiuring proceffes, has remarked, that 
lixivia of oxigenated muriatic acid, extremely 
dilute it is true, and which had already been 
employed in feveral operations, being thrown 
on the earth of a garden, Angularly promoted 
the growth of the vegetables that occupied the 
fpots thus watered. On comparing this ob- 
fervation with the fafts obferved by Dr. In- 
genhoufz and Mr. Humboldt,. >ve fee clearly^ 
that the abforption of oxigen is one of the moft 
fecundating aiid moft ufeful effe^s of manure. 

12. From thefe data, fo much enlarged and 
fo well explained by modern chemical fcienc€, 
arifes a knowledge of the eifecls prcnluced by 
tilling and breaking the earth, fo much recom- 
molded by all able hufbandmen : we fee, that 
by ftirring the earth to a certain depth, it is 
not only rendered lighter, fofter, more divided, 
more permeable, and the weeds and infefts 
which live in it and exhauft it, are deftroyed ; 
but the manure deeply buried is brought to 
the furface ; this valuable aliment is diftributed 
equally;to air parts where the roots will creep; 
and wbat the. preceding vegetation had taken 
from ^he exhaufte/:! portions is reftored to them. 
By thus, renewing all the furfaces of the mouldy 

tillage 
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tillage expofes to the air the matter that tends 
to deoxigenate it ; and by increafing the ab- 
forptionof oxigen by the foil, it augments its 
vegetative power in a degree proportionate to 
the renovation of furface : in a word, it in- 
creafes this concealed combuftion in which 
great part of the influence of the air coniifis, 
which was formerly explained in fuch a vague 
manner by the falts that were fuppofed to be 
depofited in the earth ; at a period from which 
we are not yet far diftant, when phyfics, in a 
ftate of little advancement, and contenting 
itfelf with thofe hypothetic gleams, which then 
conftituted the whole of its theory, Imd not ac- 
quired that accurate knowledge of the nature 
of the airj and the compofition of vegetable 
matter, which it poffeffes at prefent. 



Article IX. 

Of the FunBions of Vegetables^ or the Pheno- 
mena which they exhibit during their Life, 
and of the Mechanifm by which the con/ii- 
tuent or component Parts are formed. 

1. WHAT has been faid in the eight pre- 
ceding articles prefents a feries of fa6ts refpeft- 
ins: all the materials, that ferve for the 
for^nation gf vegetables, which aduaMy change 

lata. 
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into their proper fubftance, and which they are 
capable of converting into ternary or quater- 
nary compounds, and of appropriating fo as to 
, increafe their own bulk. It remains forme to 
give a fketch of the manner in which thefe 
different elements, admitted into the velFels of 
plants, are there decompofed, or combined in a 
new. order, by what powers they are converted 
into the materials of vegetables, what pheno- 
mena accompany and indicate this converfion ; 
in a word, in what vegetable life confifts : for 
it is very evident, that'agerme bdng given,- the 
life it receives, and which continues till all 
the phenomena that conftitute vegetation have 
been completely exerted, confifts wholly in this 
appropriation, this converfion, this complicated 
coliibi nation, which the primary materials un- 
dergo after they are received into the veiiels of 
plants. 

2. This beautiful mechanifiij which is called 
vco-ctation, has at all times excited the admira- 
tion of philofophers, and they have endeavoured 
to form a conception of its caufes, and afcer- 
tain their eftcds ; but their endeavours have 
not yet been crowned with a facceft anfwer* 
able to their wilhes. Modern chemiftry has 
revived their hopes, new paths have been Itruck 
out by it, and the flcetch 1 am about to trace 
will Ihow, that the new career opened by its 
means, and its method, though yet little followed, 
have already removed feveraldiilicuities hitherto 
deemed Infui'mountable. It is neceiiary to 

Vol, VI 1 1? C c conceive 
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conceive in the firft place, that the phenomena 
of vegetable life fo manifeftly belong to a che- 
mical power, that no fcience but that can 
explain its mechanifm. This truth is included 
in the enunciation of the problem of vegeta- 
tion. In reality it may be confidered as the 
only queftion, to determine how vegetable ma- 
chines convert the principles they abforb as 
aliments into what we have called their ma- 
terials. 

3. There is no room to doubt, that plants 
form thefe compounds in executing the func- 
tions, which taken together, truly reprefent the 
circle of their life : we muft inquire then 
wherein thefe funftions confift, and examine 
their relation to the formation of vegetable 
compounds. The funflions of » vegetables are 
either internal, fometimes not very perceptible^ 
fo that their exiftence is known, and their phe- 
nomena ftudied, only by the help of experiments 
and methods which in fome degree affift the 
weaknefs of our organs, or they are external, 
come under the cognizance of our fenfes, 
and difplay themfelves by phenomena, or figns 
more or lefs ftriking, more or lefs eafy to be 
perceived. 

Of thefe fun6tions fbme are exercifed durin£r 
the whole life of the plant: others are periodical, 
or iliow themfelves only at different ages of 
the plant, which are moft commonly even de- 
termincd by them. We find in fucceffion, and 
in the order in which they are mentioned, 

3 tf. The 
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a. The motion of the fap, and of the fluids ; 

b. Their fecretion ; 

c. Irritability, or the movement of the folids; 

d. Nutrition ; 

t. The flowing of different juices; 

f. Vegetable tvanfpirations. 

g. The direction of the parts of plants : 

h. The periodical repofe, or fleep of plants ; 

i. The germination of plants : 

h Their foliation ; 

/. Their flowering ; 

rn. Their fruftification. 

Some phyfiologifts have reckoned a greater 
number of phenomena among the funftions of 
plants, becaufe they have confidered them wath 
the eye of the agriculturift, &c. ; but the 
twelve that I have mentioned comprife in rea- 
lity all that paifes in the circle of vegetation, 
and every thing likewife that enters into the 
-relation I mean to point out between the che* 
mical analyfis of vegetables and the life of 
plants. 

I ihall proceed briefly to run through each 
of thcfe funftions, of which I have already faid 
a few words at the commencement of this fec- 
tion, but I defcribed them only as phenonema 
of vegetable life; and I have here to confider 
them in their mechanifm and intimate refults, 
to fliow, that they^ either arife from chemical 
attractions, or lead to them. 
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A. Motion of the Sap. 

4. The motion of the fap takes place from the 
root toward the fummit of the ftem : arid this 
fluid, , manifeftly formed by the water, which 
the roots have abforbed, and which holds in 
folution the materials of the earth or of the foil, 
undergoes during this very motion certain che- 
mical changes. With the fap there circulates a 
more or lefsconfiderable portion of carbonic acid, 
which, by the internal heat of the plant, is fre- 
quently difengaged from the water, and moves 
in the air-veflels fo as to iffue with a percepti- 
ble ebullition through openings or auger-holes 
made in a tree. The excefs of this acid ef- 
capes by vegetable tranfpiration : a great part is 
decompofed, and furniflies carbon, which unites 
with the hidrogen and oxigen ; hence the 
mucilages, the faccharinc fubftance, the tannin, 
the acids diffolved in the fap; hence too the 
extraftive matter, which fometimes colours it, 
and renders it always liable" to become co- 
loured by the oxigen of the atmofphere. Fre- 
quently- this nutritious juice carries with it 
falts, and even acetites, which the water has 
taken from the manure ufed on the ground, 
as well as earths and carbon in a ftate of minute 
divifion, proceeding from the fame fource. 

5. Many hypothefcs have been framed, to 
explain the mechanifm of this afcent of the 

fap. 
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fap. The following is the. moft fimple, with 
the greateft appearance of probability. The 
warmth of fpriiig, which excites it, dilates 
plants, and recalls their life, which the winter's 
cold had benumbed. The diluted veffels have 
a vacuum produced in them, which caufes the 
afcent of the fluid that remainM in the ftem, 
and was colle6led in the roots; and in fuccef- 
lion that which nioiftens the earth, in which the 
roots are embedded. This firft movement of 
vegetation does not flacken or flop, but with 
the diminution of the temperature of the 
atmofphere to a few degrees only above and 
below 0. Whether the fap re-defcend toward 
the earth by the cortical layers, and whether 
this paflage be open to it only during the 
jiight, are problems that remain to be folved : 
though they have been confidered as decided 
by cicatrices and the fweUings that grafts form 
above the (lock, and by the ifluing of the fap 
. from the upper end of a notch. The fap, carried 
2X firft toward the centre of the ftem, fpreads 
laterally and along the prolongations of the pith, 
to reach the external layers, where the dilata- 
tions and vacuums are greater. The lighted, 
moft fluid, moft rarefied portion of the fap, and 
the mofl: remote from the roots, after it has 
depofjted the matter capable of becoming fohd, 
which it held in folution, ilTues through the 
leaves in vapour or in drops. We learn from 
Hales, that the power of afcent in . the fap 
of the vine reaches, to thirteen metres, confe-» 

cjvieptly 



390 . SECRETION. , 

quently higher than water is fupportcd by the 
-weight of the atmofphere, 

6. We readily conceive,' that this afcending 
and lateral motion of the fap, and of the car- 
bonic acid gas, or of the air with which it may 
equally be accompanied, muft exift in the dif- 
ferent fluid§ of vegetables, which are known 
by the name of their proper juicesr ; but that 

this fecond fort of motion is but a flow and 
limited change of place, compared with that of 
the fap, on account of the lefs abundance of 
thefe juices, of their diftribution in particular 
orders of veflels, of their adhefion which is pro- 
portional- to their greater confiftence, and of 
their more intimate pro)>enfity to grow thick, 
concrete, and become folid. Thefe juices have 
fcarcely any thing more than the flight motion, 
which the fap communicates to them, and 
is produced by its lateral preflhre on them. 
. Thus we fee it would be an abufe of words, and 
an entire confufion of ideas, to compare thefe 
movements of vegetable juices with the circu- 
lation of the blood in animals. 

JJ. Secretion. 

7. When the fap, the primary nutricious 
fluid of vegetables, water loaded with all the 
matters which it has taken from the foil more or 
lefs manured, has arrived at the different parts 
of the vegetable, which envelope the common 
yeffels, it diftributes itfelf to the different orders 

^ of 
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of its texture, which it traverfes, qt with which 
it is in conta6l : and it depofits in them the 
fubftance proper for enlarging the growth of 
each, or for repairing the continual loffes it fuf- 
tains. In this feparation, in this divifion of 
the different materials, all contained in the fap, 
but appropriate to each of the veficular organs 
in which they, are depofited, confifts fecretion, 
the exiftence of which in the phenomena of 
vegetation cannot be overlooked, or its influ- 
ence in them denied. 

8. Undoubtedly we do not y^t well know what 
the mechanifm is, by which the fap, - that ap- 
pears in the veflels as a homogeneous fluid, 
yields different juices to different parts, and is 
converted into matters frequently . the reverfe 
of each other. The fa6l however being acknow- 
ledged as certain, it appears, that we . can 
admit as the caufe of this converfion nothing 
but a true chemical change, governed unquef- 
tionably by the ftrufiture of each order of ceils, 
their diflance from the centre of the tree, tlieir 
propinquity to the furface expofed to the air, 
and the difference of temperature. We may 
form fome idea of this chemical fundion, by 
feeing all the homogeneous vegetable fubflances, 
when operated upon in the laboratory by fire, 
by the nitric, oxigenated, muriatic, and ful- 
phuric acids, and by cauftic alkalis, feparated 
into two or three new fubftances different from 
each other, namely, into two acids, into olea- 
ginous fubftances, &c, I have no doubt but a 

chemical 
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chemical a6i^ion, perfedly fimilar to that I have 
mentioned, takes place in the operation of ve- 
getable fecretion. The carbonic acid, oxigen 
gas, and the influence of light and caloric, to 
which thefap is more or lefs expofed in the little 
bladders or cells where it flays, are probably 
the agents in thefe chemical operations, the 
whole of which are comprifed in the funftion of 
fecretion.' 

9. It is thus I conceive the fucceflive formation 
of all the proper juices, the gummy, faccharine, 
oily, acerb, colouring, and acid; as well as that 
.of the folid parts to which they give birth by 
their concretion, as the woody fubftance,, the 
fecula, the tannin,, the refms, the concrete falts, 
&c. Thus by the aftion of chemical powers, 
which feize on different part of the fap, are 
pompofed tbefubftances I have examined under 
the name of immediate material of vegetables: 
thus are depofited in the roots, fiemg, leaves, 
flowers, fruits, and feeds, the different matters 
^hat form them, x We may fee a flight fketch 
of this in the fpontaneous alterations the fap 
undergoes, as it exudes naturally in tears, or 
is cxtraAed by boring holes in the trunks of 
trees, when expofed to the air, the contact of 
which colours it, renders it turbid, precjpitates 
it, alpoholizes it, fours it, &c. 
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C. Irritability. 

10. Little conne6lion appears at firft be- 
tween the funftion termed vegetable irritability^ 
and the chemical properties of which I here 
eftahlifli the exiftence in the caufes and phe- 
noqiena of vegetation. We are indebted to 
modern philofophers for the admiffion of vege- 
table irritability. Qn feeing the leaves (5f the 
fenfitive plant fo moveable at the flighteft touch, 
the fudclen- motions o'f the flower of dionaa 
mufcipula^ the contradile drooping of the fo^ 
liage of the Ledyfarum gyrans, the almoft 
convulfive contraAion of the ftamens of the 
common berberry, and of the dwarf ciftus 
when irritated by a pointed inftrument, and fo 
many other n^otipns which feem to contra6l the 
mufcles of the parts of plants in which they 
are obferved, the moderns have imagined, that 
an irritable power, fimilar to that of the organs 
of mufcular motion in animals, exifts in thefe 
parts. 

11. Mr. Humboldt, while carefully ftudying 
this beautiful vegetable phenomenon, has in- 
quired into^its connexion with fome chemical 
power or caufe : and he has found fubftances 
that increafe it, that renew it when it is weak- 
ened, and others that diminifli it, or caufe it 
to ceafe. In general, oxigenated fubftances that 
eafily part with their oxigen appear apt to 

produce 
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j^Qpdy layers, the mucilage iu the cortical 
Jjjyersand underthe coverings of the feeds, the 
jacids in the leaves, and in the pulp of fruits^ 
Ac. We know not yet, it is true, by what 
chemical law each of thefe matters affumes its 
peculiar conipofition in this or that region, in 
this or that organ of vegetables ; but it is 
very natural, that in the commencement of a 
fcience we fliould have but few ideas concei*n-r 
IDg an objeft fo new. I have already faid 
^bove,-that every kind of organ having a dif- 
ferent texture, i^s pofition with refpe6t to the 
TurrQunding air, its diftance from the centre or 
pearnefs^ to it, its temperature, the a6lion of 
the air and carbonic acid gas within, the place 
even which the fap occupies relatively to the 
point from which it proceeded, and to the alte- 
rations it has already undergone fince it was 
firft formed, furnifli the modern theory with 
fufBcient data, to allow it at leaft to look 
forward to the period, when poffeffed of expe- 
riments and refearches founded on the new 
views it fuggefts, it will be capable of giving a 
limple and luminous explanation of what appears 
yet a myftery. 

/ 14. Though the mechanifm of the particular 
formation of the different materials of ve<>e- 
tables be ftill covered with a thrc^k veil, chemiftry 
already offers fomc tolerably accurate lefulls 
refpeding the growth and nutrition of plants, 
owing to the fucceffive changes of thefe ma- 
terials. It no longer .con tents, itfelf, as hereto- 
fore, 
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fore, with reprefenting th^s growth under the. 
-vague and almoft unmeaning afpefl of the con- 
denfation and folidification of fluids; it fliows 
the fap, become a proper juice of the plant 
carried by the prolongations of the pith even 
to the infide of the bark, increafe on the one 
hand the thicknefs of the cortical layers by 
fucceffive additions of matter condenfino- there; 
and on tlje other hand confolidate the cortical 
layers that were formed the laft, by means of 
their vifcofity, denfity, and vegetable plaftieitj, 
which it has acquired. It proves, that thisscon-* 
folidation is owing to the flightly hidf ogenated 
particles of the c^irbon beings brought, clofer 
together, owing to the fixation of the oxigen. 
It fliows that a variation in the proportion of one 
or other of thefe principles, and of the earth and 
foffil falts which accompany them, forms tannin, 
the colouring matter, and the exjtraftive matter, 
at the fame time with the wood. It points out 
the mucous fiibftance, ,the f^ccharirie matter, 
the amylaceous fecula, diluted at firft in ?in 
aqueous fluid, which keeps them in the ;^ateof 
mucilage, of fluid honey, of milk more or lefs 
thick, acquiring their folid form by the. evapo- 
ration' of the water, owing to the air, or to tlijS; 
fuction of numerous mouths^ Avhich convey the 
fuperfluous aquofity to the niterioT and tranfpi- 
ratory pores with which the leaves arc perfo- 
rated. It teaches us that the fuberal fubftance,. 
which forms the inorgaiiic and frequently papy- 
raceous texture of the bark,, acquires its dry 
. . fragility, 
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fragility, orelaftic fupplenefs and lemi-trarifpa- 
rency, by the exficcation of a vifcous juice 
fpread in thin coats over the exterior part of the 
vegetable, and modified by the contaft of the 
air, and the aftion of caloric and light. It 
explains ho\\^ a volatile or a fixed oil expelled 
out of plants, and thus having its furface 
expofed to the air, becomes the firft a refin by 
lofing hidrogen, the fecond a wax by abforbing 
oxigen. In a word, it begins to penetrate 
much farther into the explanation of the dif- 
ferent phenomena relating to the growth and 
nutrition of plants, than we could have dared 
to hope a few years ago ; and it prefages what 
it may fome day accomplifh in this elegant and 
ufeful branch of human knowledge. 



E. Efflux or Flow. 

IS. I employ the word jftow, to exprefs the 
fpontaneous ilTue of fluids from the furfaces of 
vegetables. This is properly avegetable fecretion. 
Thus we fee the very liquid and almoft aqueous 
fap flow from the extremities of the branches and 
from the joints of the vine, the birch, &c. the in- 
fipid and gummy mucilage from fiffures in the 
bark and in the {talks of the fruit of the almond, 
peach, apricot, plumb, and all other trees that 
bear fruits with ftones in them ; the volatile 
oily juice or refinous eflence from firs, larches, 
5ind all the evergreen and refinous trees; the 
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honeyed and faccharine juice from the bottom 
of the petals and in the neflaries of a great 
number of flowers, and from the upper furface 
of the leaves of the alh, elm, and linden. Some 
glutinous juices, gummy-refinous, or of the 
nature of glue, flow likewife, and fpread in glu- 
tinous coats over the youg ihoots of the acacia 
nifcofa^ &c. Finally, the fixed oil itfelf exudes 
in little fubtle drops, and appears on the furface 
of feveral fruits, particularly thofe of the my- 
ricas, crotons, and fome trees of the laurus 
family : in the air it gradually aflumes the cha- 
rafters of wax. 

16. In thefe different kinds of flowing we 
feeing manifeftly the produft of too great ful- 
nefs, of a plethora which fwells and tears the 
veffels, or which difl:ends and opens the cells, 
or which iflues from the extremities of the full 
duds: it is an evacuation occafioned by the 
fuper-abundance of the alimentary fap, or of 
the proper juices of the plant. In the latter 
cafe it anfvvers the place of a certain morbid 
and almoft critical flux, which is of great 
utility to the plants in which it occurs. The 
rcfult of this fecretion is the ilTue of fome of 
the immediate materials of vegetables, fimilar 
to thofe that are extrafted either by mechani- 
cal means, or by chemical procefles. It fliows 
that art, in the operations it employs to procure 
thefe matters, makes them undergo no altera- 
tion, obtains them fuch as they exifted in the' 

plant, 
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plant, and may depend as much on the produSs^ 
it acquires, as on tbofe M^hich nature furnifhes. 

17. I have elfe where fhown, that man imi-* 
tates this procefs of nature by wounding or 
piercing plants and trees, and thus increafing 
the flow of ^ matters, M^hich are of great ufe by 
their properties in the arts. Thus are procured 
the faccharine juice of the maple, the fugar- 
cane, the palm-tree, the refinous oil of pines 
and firs, the gummy-refmous juice 'of a number 
of plants, particularly the umbelliferous, the ex- 
tra6lo-refinous juice of the poppy, the euphor- 
biums, &c. Itis by a fimilar mechanifm, too, that 
the pun6lure of a great number of infe6ls, which 
raife up the epidermis of the leaves, petidles, 
andftems of feveral trees, occafions an artificial 
cavity, which is filled with many different juices, 
and particularly with the afVringent and very 
concrefcible fluid from which we obtain the 
gallic acid, &c. Frequently, indeed, in the 
latter .cafe, an animal matter afforded by the 
infecls, that of their excurae, eggs, and excre- 
ments, mixes with the vegetable fubflance, and 
modifies the charafters as well as the chemical 
properties of the parenchyma of the galls pro- 
duced by thefe punftures. 




F. Tranfpiration. 

18. Though there are yet many fa6b to be 
verified or difcovered refpe6ling the tranfpira- 
tion of vegetables, it is one of their fun6tiou» 

that 
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that is beft known, and that throws the moft 
light on vegetation. Woodward, Hales, Bonnet, 
Duhamel, St Martin of Vienna, and Citizen 
Sennebier of Genev^a, have ftudied it with par- 
ticular care, and with very diftinguiflied faga- 
city. Their r^fults, without having that precife 
fimilarity which it is impoffible to find in fuch a 
delicate part of phyfics, are yet fufficiently alike 
on the whole, to leave no reafonable doubt of 
the trutlis which thefe authors have recorded 
in their works. By giving an account of the 
principal refults we lliall fliow, that they are 
well adapted to agree with the data of mo- 
dern chemiftry, which furniflies a luminous 
explanation of them. 

19. It has long been known, that if a living 
plant, or a branch of one, be enclofed under a 
receiver, the fides of the veflel will be covered 
with little drops of an aqueous vapour, while the 
plant lofes a portion of its weight. A plant de- 
prived of life, indeed, exliibits part of. this 
phenomenon, but with two differences : the firil 
is, that in proportion as the water iffues in 
vapour from its furface, it dries and withers, 
while the living plant retains its life and frefli- 
nefs : the fecond, that the latter continues to 
furnifli this aqueous produft, while the dead 
vegetable is very fpeedily exhaufied, and affords 
it only for a time, which is terminated by 
its becoming dry. Thus we fee, that in the 
latter cafe it is a fimple evaporation, owing to 
a remnant of life, and more particularly to the 

Vol. VIII. Dd folvent 
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folvent a6lion of the furrounding air : while in 
the living vegetable there is an internal adion 
thatfupports this fun6lion,'to which the external 
air contributes only but .for one part of the phe- 
nomena, which will be foon appreciated. 

aO. The tranfpiration of a vegetable may be 
meafured, and its produfts colle6led, if the 
tranfpiring plant be inclofed in a glafs veffeL 
Thus Hales found that a fun-flower, near a 
metre in height, loft near a kilogramme of tranf- 
piration in twelve hours, and tranfpired feven- 
teen times as much as a man. The moifture 
of the earth iu which the plant groAVS contri- 
butes much to the fupport of this funftion : the 
more water the earth contains, the more iffues 
from the furfacc of the vegetable. The extent* 
of this furface too has much influence on it: 
and as it is by its leaves alone, that this tranfpi- 
ration takes place, it is evident, that the fpace 
they occupy ihould be meafured, to compare 
its proportion with the quantity of the evacua- 
tion. The meafures of thefe two will always 
be found in a direft ratio to. each other. If the 
leaves of a vegetable therefore be plucked off, 
its vegetation will be extremely diminifhed, by 
flopping its tranfpiration, and this may be car- 
ried fo far as to kill the plant. We fee here, 
that the principal ufe of the leaves is the exer- 
cife of this funftiqn, and that their multipli- 
city fliows the importance of tranfpiration to a 
vegetable. 

2K There 
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,S21. There is a direcl relation between the 
tranfpiration of a plant, and the fuflion of its 
roots. One of thefe phenon^ena follows the 
Other fo exactly, that there is reafon to prefume 
that' they are ^mutually dependant on each 
other, and that the mechanifm of the motion 
of the fap in plants very regularly follows this 
nuitual relation of the two fun6tions. It* is 
tranfpiration, which carrying oflF into the air, 
under the form of- vapour, the greater part of 
the water that flows from the trunk into the 
boughs, from thofe into the branches, and from 
the. branches into the expanfion of the leaves, 
is continually- emptying the veflels of the plant, 
and inceflantly draMnng into it frefli fluid, to 
replace- what is evaporated. Hales found by 
his ingenious experiments, that the furface of 
the leaves being eleven times as much as that 
of the roots, the water muft flow eleven times 
as quick in the roots as in the leaves. 

22. The contact of light, and that of warm 
air, are neceiiary to keep up vegetable tranfpi- 
ration. If the former be intercepted, accord- 
ingto the experiments of Citizen Sennebier, by 
ia piece of linen or paper, the tranfpiration is 
confidecably diminiljjed : warm and dry winds 
fingiiiarly promote it: during the night it 
fcarcely takes place. It is even found, that in 
the night plants increafe in weight, and imbibe 
the water precipitated from the atmofphere. It 
is moft powerful in the fpring, and at the be- 
ginning of fummer. In autumn the leaves 
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becoming hard, dry, and ready to fall, no longer 
exercife this fundion : and at this period 
too its utility is leaft eflfential, fince the plant 
has by this time fulfilled at leaft its annual 
deftination. 

23. On comparing the quantity of water which 
iffues by tranfpiration with what enters by the 
roots, we find very little is left behind in the 
plant : yet the portion that remains is fuflScient 
for its nourilhment, and diftributes itfelf, either 
by becoming fixed without decompofition in the 
immediate materials which it dilutes, or by 
decbmpofing itfelf fo as to furniffi the hidrogen 
neceffary for the compofition of thefe materials, 
particularly the oily juices, and .the oxigen 
proper for converting the greater part of thefc 
materials to the ftate of oxides or acids. A 
third ufe of this water in the portion that eva- 
porates is, to leave in the vegetables through 
M^hich Jt paffcs the greater part of the earths, 
falts, and different matters, which it conveys 
from manures into the interior parts of plants: 
for we may conceive, that, as it efcapes in the 
form of vapour, it comports itfelf with regard 
to the principles it held in folution, precifely as 
the water that evaporates in chemical procefles. 

24. The water which ifllics in vapour from 
the furface of leaves, and which forms a part 
of their tranfpiration, is not precifely pure 
water, as is teftified by the fmell of the plants, 
which it carries out of their texture. Citizen 
Senuebier fatisfied himfclf by collecting feveral 
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kilogrammes in fuitable apparatufes, and eva- 
porating what he thus colle^ed, that it con- 
tained fome particles of extra6lo-refinous matter, 
of carbonate of lime, and of fulphatc pf lime; 
iand he detefted thefe four fubftances by the 
fucceflive adion.of water, alcohol, and acids, 
on the refiduum left by his evaporation. It 
-appears, too, that a fmall portion of faccharine 
or honey matter is carried away by this water 
of tranfpiration ; and that to; this fmall portion 
is owing that flight, greyiflv^^^^^t coat, which 
covers leaves after great tranfpiration, and 
which is knpwn by the name of honey^-dew. 
Sometimes it is fo copious, that it forms a dull 
in the air round trees that have experienced this 
exceffive tranfpiration in the great heats at the 
commencement of fummer. 

25. Mr. Hedwig, in his crj'ptogamic phyfio- 
!ogy, has defcribed the velfels of the leaves 
which afford a paflage to" the tranfpiration. 
They are placed under the epidermis of the 
leaves, and there form a n^t-\vorkj the melhes of 
which are very vifible, when the moift epidermis 
is examined with a microfcope. He thinks that 
feveral of thefe veflels, to the number of four or 
fiye, open into each round or oval- pore, with 
which he aflerts the epidermis is perforated. But 
Citizen Sauffure, who has examined the epider- 
mis of leaves with great minutenefs, was never 
able to perceive the pores mentioned by ]\fr. Hed- 
wig. There is redfon to believe, that, inftead of 
having holes, the epidermis dips into the cavi- 
ties 
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ties of the traiifpiratory veflels. With a good 
lens we may fee pretty diftindly the extremities 
of thefe veffels, which form httle prominences, 
or a kind of circular tijbcrclps, ori the upper 
furface of leaves, 

26. Thetranfpiration or invifiblevapour, which 
iffues from the leaves, and forms fuch a con-f 
fiderable evacuation or excretion of vegetables, 
does not confift fojely in the w^ater of which I 
have hitherto been fpeaking. Part of this vapour 
cimfifts of oxigen gas,^ arifing evidently either 
from water, or from carbon ie acid, or perhaps 
from both together, decpmpofed in the plant. 
The iffue of this gas is one of the chief requi-r 
fltes of the mechanifm of vegetation : it an- 
nounces, and nq doubt produces, the health, 
and vigour of plants. It diffufes throughout 
the atmofphere, which it perpetually renovates, 
the portion of oxigen gas, deftined inceffantly 
to compenfate what is abforbed in the numerous 
combuftions that take place in the furface of 
the globe. It is particularly the i(fue of this 
gas, united perhaps with the watery vapour of 
tranfpiratiop, that requires thexontacl of light 
already mentioned above as fo favourable to 
tranfpiration. At the fame time there iffues 
from plant3, or at leaft is formed immediately 
on their tranfpiring furface, a pretty confider- 
able quantity of carbonic acid gas. It rnay be 
obferved here, that thefe three materials of ve- 
getable tranfpiration, water, carbonic acid, and 
oxigen gas, are of a nature to be abforbed 
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by the earth*: fo that here we find one of thofe 
contiriual circulations, which, hulbanding the 
primary materials neceffary , for complicated* 
compofitions, difplay that wife and rich eco- 
nomy of nature, which excites our admiration 
in fo many inftances while we ftudy her phe- 
nomena. ' 



C Dire SI ion, 

27. Though the phenomenon, Avhich with 
many modern naturalifts I here call direBiorty 
be rather one of the refults of a funftion than' 
a real fun^ion itfelf, and its fource or caufe is 
yet fo little known, though it is extremely im-' 
portant to eftablifli its exiftence and effeds, yet 
we ought to treat it as if it conftituted a func- 
tion altogether, more particularly as we know 
not to what general fun6lioh to refer it. By- 
direftion I mean that property, or living power, 
by which each part of the vegetable, conform-- 
ably to a particular law, follows a courfe, or 
diredls itfelf, to the nature, refpeftive fituatioii,. 
or wants, of each of thefe parts. Thus it bias 
been obferved, that the radicle, after iffuing 
from the germinated feed, always direfts its 
courfe to the earth, and the plumule to the 
air';' that the branches fpread and rife to enjoy 
the cbntaft of air and light ;• that the kaves 
place themfelves fo as to oceu])^ all a patrticular 
place in the atmofpheVe, fo that tbeir fliining 
i furface 
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fiirface is uppermoft, and their rougher furfacc 
downward ; that flowers turn toward the light 
and the fun ; that the young branches or twigs 
bend toward the water, &c. 

28. This dire6lion is fo, conftant, and fo ne- 
ceffary to vegetables, that the parts exhibiting 
it furmount all the obftacles oppofed to thera, 
as the experiments of Duhamel, Bonnet, and 
Citizen Sennebier, have proved. Seeds placed 
jn appearance moil unfavourably, fo that the 
radicle muft come out at the top, and the plumes 
at bottom, fliow themfelves at the end of a 
' few days, the former bending down to reach 
the earth, the latter rifing up to get into the 
air. Plants bent at firft toward the light, and 
afterward turned the contrary way, will foon 
change their direftion : branches bent toward 
•the eaith by means of weights or cords, will 
ftraighten themfelves, and rife upward again. 
Leaves turned,^ and kept inverted on their foot- 
ftalks, refume of themfelves their primitive 
pofition ; and the reftraint impofed by art on 
all thefe parts is foon deftroyed by the natural 
power, which tends to dire6l each, to its. refpec^ 
tive pofition, which is pepuliar to. it. , 

S9. Many hypothefes to aflign a caufe fqr this 
movement have been invented and publiijied 
To explain it, fome phyfiologifl:s have a,dmitted. 
a kind of fenfibility in the organs of plants, 
though the irritability already ipentioocd is* 
the moft that can beafcribed to them. But. it is. 
necefiary liki^wife. to ad^iit a caufe, ^. ftimulant 
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producing tliis eiFe^l : and this has been fought 
in the a6lion of water, air, light, heat, the fun, 
and a certain relation between thefe and each 
of the parts of a vegetable.. Unqueftionably 
thefe fubftances have a dire6t influence, which 
cannot be controverted, on the direction taken 
by the different parts of plants ; (ince we fee 
this diredibn follows the conta6l orprefence of 
each of thefe external fubftances. But how dor 
they a6l to produce this effedl ? On what organ 
do they make an impreflion ? What changes do 
they produce in it, and how are the change^ 
effeded from which this or that direftion arifes ?: 
30 We do not find a fufficient caufe for thefe. 
effefts either in the imbibition of water and the; 
dilatation which enfues from it, or in the defic- 
cation and evapoFation effected more powerfulljf^ 
on one point than on another, or in afuppofeci 
^ttraftipn between fuch an orga« aiid fuch a: 
iUbftance toward which it bend^ or turns itfelft. 
B^t on confidering. that all diredlion whfttevec 
of the parts of a vegetable is the confequence 
of 4 motion, that thisi always fuppofes^thq ihort*. 
jQning^of fame fibres, at the faipe time asithofe 
oppofite to them are dilated, we fhall perceive^ 
that there i^. a ftiiiaulant a6lion, which fingu- 
lariy approaches to what is obferved in the irri-s 
lability of animals ; but that it differs in thi%, - 
that its eife<a.i3 permanent, and: leaves the ve* 
get^ble part in. a Qonftant ftate of contraolioxv 
which becomes a fort of habit^ andr the conflanfe 
jpojfition. of. each, qf thefe parity. We can ycfc 

find 
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find nothing that has more pi;obabilifcy than this 
explanation. 

H. Sleep. 

31. There are two kinds of fleep in plants : 
one, in certain refpe6ts fimilar to that of ani- 
naals, takes place during the night, and returns 
periodically every twenty-four hours : the other 
longer, permanent, takes place during a whole 
feafon, th^t of winter, and is termed hibernation. 
It is fuppofed, that during the night, all plants 
experience fome cluinge, that they are not in 
the fame ftate as during the day, and we may 
judge of this from fome in which the leaves 
are folded one upon another, often approached 
or brought clofe to the ftalk, and the flowers 
clofed. It is commonly fuppofed, that the ab- 
fence of light, of the return of which thefe 
plants appear to be fenfible by the difplay of 
their leaves and expanfion oT their flowers, is 
the caufe of this kind of contradion ; and that 
its prefence produces the evaporation of a fluid, 
to which we muil afcribe a kind of exhaufted 
ftate, whence flcep arifes. 

32. We may doubt the truth of the fame 
cfFe6l being produced in all plants, or that 
they experience a fleep fimilar to what is ob- 
ferved in the fenfitive plant; but it appears 
certain that in all the funftions which they 
exercife during the day undergo modifications 
and differences during the night, which con- 

ftitute 
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Ilitute in them that ftate which is confidered as 
fleq). Thus the tranfpiration and ilFue of water 
and gas through the leaves are ftopped during 
the night ; the faction by the roots is greatly 
diminiihed or totally fupprefled ; and plants, lb 
far from lofing weight, increafe it a little, either 
by imbibing water precipitated from the air, or 
by the abforption which is partly continued by 
the roots. 'The privation of the conta<5l of 
light, Avhich has fo much influence in tranfpi- 
ration, is the only caufe of this change of 
fiate. 

33. As to the feafon of winter, and the fleep 
which vegetables experience during this feafon, 
it is to be obferved in the firft place, that it 
occurs only in plants that live more than a 
year, and the duration of which varies from' 
two to fome hundreds of years. During this 
repofe, the tree being deprived of its leaves, and 
reduced to its {^alks and the buds which garnifli 
them, exhibits the image of apparent death ; 
though, if compared with dead wood, there 
are very perceptible dift'ercnces even in its afpe^ 
No fap exifts in the trunk or branches ; it no 
longer tranfpires ; it refifts the feverity of froft, 
however, to a certain point, and while water 
freezes slround it, the portion it contains re- 
mains fluid, in confequence of its internal 
temperature, 'and of the portion of life it retains. 
No fenfible change takes place in the fleeping 
VjBgetable : the fole effe^ of its life is confined 
fit fhis time to the fupport and very flow en-' 
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largeii>€nt of the leaf-buds and flower-buds, 
which cover all the points from which either 
aretoiflue.. The form, pofition, and ftrufture 
of thefe buds may ftill afford the botanift means 
or chara6lers for diftingtiifliing it, exclufive of 
the appearance of the trunk or branches. The 
root alone retains greater a6livity; it is more 
fucculent, and larger than the reft of the 
plant. 

34. All the efFe6ls of the winter-fleep are mani- 
feftly produced by the lowering of the tempe- 
rature. The external cold allows the fibres 
and the fides of the veffels of plants to 
contrail or clofe together. The organs of tranf- 
piration no longer exift: the. evacuation of 
vapour no longer taking place, the afcent of 
the fap itfelf is interrupted. The folid part, 
or fupports of the vegetable, remain in a ftate 
of reft, inertnefs, and ftationary inactivity, 
whence arife the abfence of every notable 
chemical change in its continuity, and confe- 
qnently a ceflation of growth. A very flight 
change takes place in the buds alone, to which 

the fmall quantity of thick fluid remaining in 
the veflels flows^ and in which it becomes con« 

centratedjfo as gradually to enlarge thefe genns, 
and flowly to bring on their development, and 
ihooting forth at the firft increafe of the heat of 
the atmofphere. Events pafs fomewhat differ- 
ently iij evergreens, which keep, their leaves 
during winter, and retain m the relinous juices, 
with which they are humeftated, while their 

tranfpi* 
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tranfpiratioii alfo is flight at all feafons, fuffi- 
cieiit caloric to defend them from the feverity 
of the cold, and to keep up a remnant of life 
and motion, Avhich, however, is much lefs than 
it is in hot weather. Still this difference in 
thefleep of evergreens, which do not lofe their 
leaves, or rather this kind of natural fleeplefs- 
nefs, requires to be ftudied, and may prove a 
fource of new difcbveries. 



I. Germination* 

35. The germination of feeds, or the pheno-* 
menon by which the germ contained in a feed 
unfolds itfelf, and becomes a real plant, of 
which the root penetrates into the earth, and 
the ftem rifes into the air, is one of the moft 
admirable and aftonifliing phenomena which 
the natural hiftory of veget-ables difplays. It is 
an aftoiiiihing fpeftacle to the philofopher, aS' 
well as to the man of the leall enlic^htened 
mind, particularly when the feeble exiftence of 
the feed is compared witli the tree to which 
it gives rife. Accordingly, in almoft all ages,, 
this phenomenon has engaged the attention of 
the greateft natural philolbphers, and their fuc- 
ceflive labours have at length lifted up the veil, 
which nature had thrown over one of her moft 
myfterious operations. Malpighi and Grewwere 
the firft who defcribed with care the ftrufture of 
feeds, and obferved the circumftances of their 
germination. T|ie firft pi6ture which Malpighi 

traced 



414 GERMINATIOK. 

traced of it on the feed of a cur;cubitaceou» 
plant is one of the moft beautiful performances 
of vegetable phyfics. Grew has fliown the re- 
lation of the cotyledons to the radicle, and 
the continuity of this with the plumes. 
Homberg faw in I693, that germination does 
not take place in vacuo. Ray, Lcdermuller, 
Adanfon, Bonnet, Bierkandcr, Ludwig, Kraflft, 
Bohraer, have obferved the greater part of its 
moft remarkable phenomena. Achard, Ingen- 
houfz, aud Sennebier have ftudied its caufes 
fubfequently to the modern difcoveries in che- 
raiftry, arid have conne6led them with the data 
of thisfcience. 

36. The vegetable feed, confifting of one or 
two cotyledons, of the radicle which has a com- 
munication with them by means of vefTels, and of 
the plume which is continuous with the radicle; 
covered with two coats, the exterior folid and 
hard, often horny, fometimes woody, the inte- 
rior thinner, doubling in, and enveloping the 
embryo completely formed and arrived at matu- 
rity, enjoys the property of germinating-, and 
fometimes retains it a long time. Every feed 
has its time and period of germinating, from a 
fingle day, as certain grapes, tofome years as the 
hazel nut. This funftion however, may be ac- 
celerated by various means, particularly by the 
aSion of oxigenated muriatic acid, as Mr. 
Humboldt has proved, who has propofed this 
fimple mean of railing in hot-houfes in botanic 
gardens fuch feeds, as m'C have not yet beeji 

able 
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able to make germinate. Every one knows 
tliat feeds germinate in the earth : there ai'C 
fome, however, which germinate in water, or 
in moid air. They are made to grow alfo on 
fponges, tow, mofs, &c. All the organs of the 
feed, and their perfect integrity, arejequired for 
germination to fucceed : the removal of the 
cotyledons renders it impoffible. 

37. The depth at which feeds are buried in the 
earth, requires to be in fome degree circumfcrib- 
ed, for their gern>ination to be fuccefsful. 
Placed too deep, the feeds do not germinate : 
at the furface, and when the cicatricula is not 
covered with earth, germination equally fails. 
A knowledge of all the c5onditions necelfary to 
germination will explain the neceffity of this 
ilifpofition, which is fully confirmed b}^ experi- 
ence. 

Air muft be in contacl with the feed for ger-' 
mination to take place: and when the feeds are 
buried too deep, the air cannot penetrate the 
foil, which ought befides to be well broken, to 
give paflageto this fluid. The prefence of oxi- 
'gen gas is indifpenfably necellary : feeds do not 
grow in azote gas, or hidrogen gas ; but if a cer- 
tain proportion of oxigen gas be added to either 
ofthefe, the feeds will come up. Water is no 
lefs neceffary to germination : that M^hich is 
impregnated with air promotes, it much more 
than boiled water; and the addition of a little 
oxigenated muriatic acid accelerates it. We 
have no dire6l proof of the influence of ele6iri- 

city 
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city on this fundion, though it has been acl- 
mitted byfome natural phi lofophers. 

38. An increafe bf temperature greater or 
fmaller, or a more or lefs confiderable quantity 
of free calorie, is one of the moft eflential con- 
ditions of germination. Germination has never 
been known to take place below the freezing 
point, or at 0, of the thermometer : it does not . 
begin, at leaft for plants of which the feeds arc 
known (for of the germs of the cryptogamia 
clafd we know nothing) but at 6® or 8 • of the 
thermometer. But the requifite degree of tem- 
perature varies fingularlyin the different fpecies 
of feeds. In general a temperature exceeding 20* 
of Reaumur's thermometer promotes and accel- 
erates the germination of feeds, which will 
germinate at a lower temperature : the contaftof 
light retards, or completly prevents germina- 

' tipn, which conftantly takes place in darknefs. 
Thus a feed well formed, thoroughly ripe, 
entire in its organization, committed to nioift 
earth by whicli it is entirely covered, buried to 
a flight depth, fufficient to deprive it of light 
and allow a paflage to the air, moiftened with a 
due quantity of water, expofed to a higher or 
lower temperature according to its peculiar na- 
ture, undergoes the procefs of germination, and 
in a determinate time gives birth to a plant 
fimilar to that by which it was formed. 

39. When all the conditions that have been 
mentioned arc combined, the feed begins, fome- 
times in a few bours, to have its coats moiftened 

by 
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by the water, which penetrates them, and like- 
wife its cotyledons, which fwell andfoften : the 
circatricula enlarges and opens, the coats burft, 
the radicle comes forth, and exhibits a little 
prominent knob, which foon lengthens : thefub- 
ftance of the cotyledons is then filled with a 
milky magma or pulp, of a bland facchariiietafte. 
Prefently the plume comes out, and exhibits 
the curved back of its ftalk through the \^left . 
niembranes : it unfolds- itfelf, and rifes towards 
the furface of the earth : the radicle grows 
larger on its part, its knobs extend, and be- 
come dovered with little filaments. Both thefe 
parts conftantly ' follow thefe directions, and 
bend in various ways to take them, whatever be 
the pofition of the feed. The plume, ftrength- 
ened though yet white and truly etiolated, 
pierces the furface of the earth at the end of a 
longer or fhorter time, puiliing before it the 
cotyledons to which it ftill adheres, and which, 
when once immerfed in the air, feparate from 
each other, difplay themfelves in feminal leaves, 
and fuffer the young plant, the point of which 
begins to change from white to green, to be 
feen between their parenchyma, whiqh is^vither- 
ed and diminiihed in thicknefs : prefently the 
cotyledons dry and fall oiF, when they are no 
longer neceflary for its nutrition. In the mono- 
cotyledons the feed com^s up and is carried 
laterally by the leaf rolled up conically or 
lengthened into a tongue, which ihoots into the 
air. 
VolVIIL Ee 40. Thefe 
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40. Thefe phenomena announce, that the 
water, which has paffed through the coats, has 
fwollen the lobes or cotyledons^ has foftened and 
dihited the parenchyma^ and has fornied of it a 
kind of milk, which, being carried into the radicle 
by the veffels of communication between thefe 
two parts, has extended, developed, and elonga- 
ted it, fo that it is continued out of the feed. 
This radicle, once fwelled and diflended in its 
internal texture by the milk of the nourifliilg 
lobes, tranfmits to the plume, the channels of 
which are dilated by the heat, the milky nutri- 
ment it has received : and the plume, injeded 
as it were with this alimentary fluid, unfolds it- 
felf ; all its veffels, filled with juice, fwell, and 
exhibit ribs or prominent lines on the leaves. 
This effeft of nutrition, very rapid at the com-? 
mencement of vegetable life, quickly raifes and 
elongates the plume, which becomes a plant- 
Thus the radicle fupplies it with the vegetable 
milk which it draws from the lobes, till its fila- 
ments grow larger, and form a number of mouths 
of fufficient fize and aftivitv to draw from the 
earth the juices it offers. Then the young plant> 
hitherto fupported by the proper fubftanceof 
the cotyledons, beginning, wheh it has rifen 
into the air, to receive the influence of light 
and the heat of the atmofphere, tranfpirc* copi- 
oufly, and thus obliges the radicle to fupply it 
from the earth with the fluid, which it requires 
for its growth. At this period the exhaufied co- 

4 tyledons 
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tykddiis become ufelefs, - and fall t?ff : the 
plant lives by its own powers* 

41. AH thefc efFe6ls are accompanied by 
chemical charges which produce them : the fari- 
naceous feculent matter of thelobes or cotyledons^ 
^hi.ch i§ at the fame time more ok lefs oleaginous, 
being diluted by the water which the coat$ 
impart to it, forms a peculiar emulfion, which 
undergoes a real fermentation by means of heat: 
a/faacharine matter is formed in it, the prei^nce 
of which is attefted by its decided tafte in ger- 
minated feeds, particularly in thofe that are 
termed corn: this matter contributes to the 
nourifliment of the young plant : it is foon 
converted into fap, and into the proper vegct- 
ablefubftance : its fermentation is accompanied 
with the formation of a certain quantity of 
carbonic acid, which is decompofed in the young 
plant the moment it is ftruck by the light, and 
yields to it its carbon the firft principle of its - 
commencing folidity. Thus, germination is 
dfe^ted by _a chemical aftion or power, eafily 
difcovered and determined by phenomena fully 
ebferved ; and the organization does not adi its* 
part, ' nor is the principle of life eftabliihed in 
the^ vegetable till after the abforption of water 
and caloric, the cmulfive folution of the coty- 
ledons, the formation of a niuco-faccharine 
matter, and that of carbonic acid, the irrft 
inipreffion of which on the vegetative power of 
^ plant begins^ with developing in it that irrita-- 
- ' E e 2 bility 



42© FOLIATION. 

bility which grows with it. Tliis fimple and 
natural explanation of germination undoubtedly 
annoimcesy that one firft ftep has been made in 
vegetable phyfics by means of the light which 
chemiftry affords; but many others remain^ 
that may be expefted from the further progrefs 
of this fcience. 



Kr Foliation. \ 

42. Foliation, or coming into leaf as it is 
called, is the phenomenon by which leaves unfold 
themfelv(?s, and fpread in the iir, either at a 
certain period of vegetation in annual plants, or 
at a particular period of each year in the peren- 
nials. This eruption of the leaves is one of the 
grand fundlions of plants, fince thefe organs 
aft a very important part in vegetable life, as has 
been feen. It is in fome refpeft a fecond germi- 
nation : it is the formation of a part, which 
completes the organization neceffary to thefup- 
pprt of thefe beings. The refult of it is a 
multiplication, an extenfion of furfaces, which 
eftablifh a communication between plants and the 
air, the important confe^uences of which are 
vigorous vegetation, and all the fun6tions that 
accompany it. The leaves exift at firft, com- 
pletely formed, biit very fmall, and clofely 
Cold^d together^ in buds of a particular ihape 

and 
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and ftrufture : at a certain temperature, which 
muft be at leaft of lO*. for moft plants, and 
aided by the conta6l of light, the buds open by the 
reparation of the fhells in which they were en- ' 
clofed, and the leaves fpread themfelves in the 
air. 

43. The opening of the buds and feparation 
of the fliells are nianifeftly owing to the motion 
of the fap, which fwell and diftcnd their yeffels, 
as well as thofe of the leaves. Thefe buds, 
during their hibernation or winter's fleep, at 
firft grow very flowly. The leaves injefted by 
the fdp impelled forward or imbibed at firft ftq> 
by ftep, acquiring a greater increafe in the 
fpring, pufh out and feparate the ihells, which 
kept them diftinO; and bound up : prefently 
they lengthen their foot- ftalks, and fhoot with 
rapidity into the air, with which they keep up 
an extenfive contaft. From this time the ftate 
of the plant is Angularly changed. The expand- 
ed leaf at firft affumes a pale greon hue ; ftill 
retaining a yellowifh tinge, it is filled with a 
mucous, glutinous juice of little tafte : when 
rubbed between the fingers it invifcates them, 
and makes them ftick together. This mucila^ 
ginous nature- continues but a few days : the 
leaf; as it unfolds itfelf more, lofes this glutin- 
ous fluid. In proportion as its colour heightens, 
its parenchyma and lefs abundant moifture be- 
come bitter^ acrid, afcerb, con^buftible, extra6live, 
or aromatic, affuming in ihort a diflFerent die-* 

loical charaden 

44 Thefe 
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44. Thefe fucceffive changes, which take 
place in tlie leaves at the feme tim^ as the veget-* 
able, grows, tranfpires, and decotnpofes the 
water and carbonic acid in its organs, are irre* 
■firagable proofS that a chemical efFe^i:, a feries of 
decoHipoiitions and various combinations, take 
place in their veflels, and particularly in their 
cells, which occafions the difference of tafte, 
finell, confiftence, and colour, obferved in their 
texture, from the commencement of foliation 
till the funftions of the leaves terminate.' It is 
even probable, that of all the organs of veget- 
ables the leaves are thofe, in which chemical 
attra6lions, and the changes that arifc from 
them, take place with jnoft energy ; fmce thcfe 
organs with their numerous and very diftinft 
veffels, exhibit in the net^work they form a pul- 
py, medulary, or cellular texture, very fuitable 
to thefe effefts, in confequence of the room they 
afford, the fluids with which Ihis texture is 
moiftened^ and and the flay they allow them to 
make, 

45. Leaves offer to the obferver another 
period, not lefs remarkable than that of their 
eruption, when they have fulfilled the funftions 
which Nature has alTigned them. Their colour, 
from a green more or lefs deep, gradually grows 
pale and difappears, turning to a yellow or fawn 
colour, either all over at onqe, or in parts* They 
lofe their fubftance, and become thin ; their 
freflmefs and verdure difappear : they grow 

i^fifHer coloured, and wjtheiv Soon after thefe 

changes 
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changes their fupport contrafts, fliorteiis, and 
dries, quits the part of the branch to which it 
adhered, and falling carries with it the leat^ al- 
ready fome time dead. It is fcarcely neceffary 
to remark, that this phenomenon of defoliation 
is accompanied by chemical changes, to which 
it even appears to be owing : the fluids have 
grown thick, and none reach the leaves at a 
certain period of their decay : tranfpiration then 
ftops ; and we fee that the fall of the leaves is 
the fignaL of the flumber, that commences iu 
the plant. 



L. Flowering. 

46. Flowering, or tlie formation and ex- 
panfion of the flowers, is one of the moft 
important pei'iods or events in vegetable life. As 
it is its principal ptirpofe, it cofl:s many efforts ; 
itexhaufts in fpme fort the plants in which it 
takes place. All the work of vegetation that 
precedes it being defliined to produce this 
flowering, when it has taken place, the plant is 
much weakened, and the remains of fl;rength it 
preferves fuflSce only for frufclifi cation. To 
underfl;and the conne6lions of this funfl;ion 
with chemical phenomena, I need only exhibit 
its mofl: general refults. 

A7, The flower, long prepared and organized 
in its bud, which is niore round and difl:ended 

than 
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than that of the leaf, opens at a given tempera- 
ture, which differs in different plants. As 
they follbw an order of days in their fucceflive 
expanfion, the flowers of a diflri6l fumifh 
botanifts with a calendar of Flora, After it has 
opened, the petals of the corolla become colour- 
ed ; the influence of the air and light is of great 
importance in producing this colour : an excre- 
tion of faccharine matter takes place in a par- 
ticular point of the corolla, which is called the 
neBary : odoriferous effluvia frequently emanate 
from the petals, which conflitute a perfume 
more or lefs prized. The flamens, or male organs, 
commonly approach the piflil or female organ, 
and ilied their fecundating dufl on the Higma. 
A matter, probably of a vaporous nature, 
traverfes the ftyle, and proceeds to ftrike or 
impregnate with vitality the feeds placed in the 
ovary. This funAion once fulfilled, the anthers 
dry, the filaments of the ftamens wither, the 
petals wrinkle and drop off, and the fruftification 
commences. 

48. In this fucceflion of remarkable pheno- 
mena, which conflitute flowering, we cannot 
overlook a feries of chemical operations. Each 
part of the flower is continuous with a corref- 
pondent organ, from the calyx which is propa- 
gated from the bark, to the piftil which con- 
founds itfelf with the extremity of the medullary 
texture. The juices are prepared before they 
arrive at thcfe parts ; but they unqueflionably 
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undergo fome modification, afecondand ddfi- 
nitive elaboration, in the organs of the flowers. 
The fecundating duft of the anthers, termed- 
pollen by botanills, the aromatic honey of the 
ne6taries, the odoriferous vapour of the petals, 
are fo many produfts of this chemical elabora* 
tion. The colouring of the corolla by the air 
is equally a confequence of chemical alterations, 
which the flowers experience in their texture. 
We know nothing yet of the caufe of fecunda- 
tion: it is not impoflible that it may be 
concealed in fome efFe6l of chemical affinity, 
which has hitherto efcaped the refearches of 
naturalifb. 



M. FiniSiJication. 

49. When fecundation has taken place, and 
the organs that have effefted it, as well as thofe 
which furrounded and protefted them, have 
difappeared or fallen off as mutilated, the fertile 
feeds gradually enlarge in the ovary, the fruit 
is formed, and acquires a more^r lefs confidcmblc 
growth. This furni flies itfelf with pulp, flefli, 
mucilage, parenchyma, huflc, membranes, fliell^ 
Icernel, and all the mofl: varied kinds of _ enve- 
lopes, intended to cover and preferve the feed to 
perfeft .maturity. Moft of thefe acceflaries ferve 
at the fame time to nourifli the feeds, to fupply 
them with aliment fuitable to their nature, or to 

aflford 
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afford the veffels which convey it a fupport, 
and perhaps impart a peculiar nature to thein. 
This flefh or pulp of fruits is fweet, faccharine, 
acid, flat and mucous, bitter and acrid, oily, 
afcerb, and in general of very various taftes 
and chemical properties. 

50. Who docs not fee, in this work of fru6ii- 
fication, the refult of a chemical power and 
a^ion, as well as in the growth and nutrition 
of the different parts, particularly of the lobes 
or cotyledons of the feed ? A conftant identity 
of effefts gives birtli in the internal part of the 
fruit, or in the feed, to the formation of fecula, 
fixed oil, and gluten, fince all feeds uniformly 
exhibit one or other of thefe .principles : but a 
great variety of chemical compofitions or pro- 
ductions prevails in the pulp ot* parenchyma of 
fruits. The regularity of the former refult, 
and the variety of the latter, certainly depend 
on the ftru6lure and different organization of 
thefe two kinds of parts. Befides, external 
circumftances, the rays of the fun, the tempe- 
rature, the drynefs or moifture of the air, the 
winds, water, influence the nature of the paren- 
chyma of fruits, which are always expofed to 
them ; while the more important fate of feeds, 
of which fruits are but the defending coats, is 
entrufted to an interior organization, a central, 
choice, and regular ftru6lure, always the fame, 
never variable, and which cannot be modified 
by external accidents* 

Article 
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Article X. 

Of the Modifications which Art produces in 
Vegetables^ of the principal Changes of which 
they are fufceptible, and of the Difeafes by 
which they are^ affcSted. 

1. FROM the particulars contained in the 
preceding article it appears, that vegetables arc 
real machines, in which many chemical opera- 
tions take place, confiding generally in triple 
combinations at leaft of the primitive principles 
furnifhed by the earth. Accordingly, they -are 
liable to be greatly afFeft^d by all external 
fubftances. It is from the influence of thefe, 
'dire6led according to the will of the culti- 
vator, that plants experience modifications and 
changes, the produftion of which augments 
the enjoyments of man : long experience has 
certified and multiplied thefe modifications, fo 
that they are become the objeft of an art of 
great importance in fociety, which includes agri-» 
Culture amon^ its various praftices. 

2. The purpofe of cultivation is to multiply 
vegetables, the proper ties of which fit them for 
the food of man, his clothing, the confl:ru6lioii 
of his habitations, the mitigation of his difeafes, 
3,nd the gratification, of his fenfes, particularly 

thofe • 
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thofe of figlit, tafte, and fmell. Vegetables 
are multiplied either by fowing or planting 
fuch as nature offers fingly, rare, or in little 
abundance. Cultivation propofes not folely to 
increafe the quantity of thefe ufeful beings in 
the proportion our wants require, but to make 
them grow in the Ihorteft time poffible, flieltered 
from the dangers to which they are liai)le, and 
in the greateft poifibfe quantity on a given 
fpace. It attains this objeft by chooiing 
the foil fuitable to each particular feed and 
plant, preparing it by the fpadeorthe plough, 
enriching it by burying in it vegetable or 
animal matters, removing the injurious plants 
which grow in it fpontaneoufly, and giving, 
either to the foil or to the plant committed to 
it, from the moment of fowing or planting to 
that of gathering the produce, all the treatment 
capable of favouring the growth and multi- 
plication of the vegetable. It varies its means, 
according to the nature of the foil, and of 
the plants cultivated in it, conformably to the 
order of the feafons, and the temperature and 
afpedl of the place. 

3. The obje<5l of agriculture, confidered in 
the great, is likewife to furnifli a futHcient 
abundance of food for animals ufeful to man ; 
to enable them to repay the earth what they 
take from it by confuming its produce ; and 
the fcience and great fuccefs of this firft of arts 
truly confift in the exaft proportion of animal 

to 
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to vegetable produ6ti6na. It is carried toward 
perfedion when thefe two kinds of produftions 
are fo well regulated and arranged }h their 
mutual relations to each other, that nothing is 
wanting to thefe animals, and that they furnifli 
a proportion of manure more than fufficient to 
continue that fertilization, of which they afford 
a conftant fource in their excrement^ arid litter. 
Thus by inceflantly renovating the fertility of 
the earth, this in return ought to give them what 
is neccifary to furnifti man with wholefome food, 
materials for clothing him, and afliftancq^ to 
convey his burdens, to till the ground, and for 
all the purpofes to which animals are applied in 
a domeftic ftate. 

4. The numerous experiments which have 
been made in, a long feries of ages on the culture 
or multiplication of vegetables by art, have led 
to a number of ref)ilts, not lefs interefting in 
the natural hiftory of vegetables, than ufeful to 
the wants ^ and taftes of civilized man. Thefe 
have taught us to multiply trees and plants by, 
grafts and layer's; to enlarge their ftems; to 
fpread, blanch, or colour^heir leaves ; to .alter 
their fruits in fize and flavour ; to double their 
flowers ; to crofs their breeds, and produce mule 
plants ; and to eftablijfh varieties, which nature 
had not given toman, and which, being perpe- 
tuated by cultivation, have received and merit' 
in agriculture the name of Jpeoies* The arts 
of manuring land, of grafting, pruning, and 
2 laying 
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laying down trees, of flieltering them and iu^- 
porting them in efpaliers and againft walls,- ef 
giving them. fuch a. form in height, or fpread as 
foils the place where they are planted, of acce- 
jkrating or retarding their maturity, of varying 
the tafte, fize, and fhape of their fruits ; that 
df producing in a temperate or cold climate in 
hot-houfes, in hot-beds, under frames, under 
l^ell-glafies, in hot and fa6iitious earths, plants 
which nature placed only between the tropics, 
qr under the equator ; that of varying the 
colours and perfume of" flowers, of doubling 
them, or converting their ftamens into nume- 
i!Ous coloured petals: all thefe wonders of 
cultivation, which vary and multiply our enjoy- 
ments, are capable of being explained or under- 
iiood by means~ of the chemical notions that 
have been developed in the preceding articles. 
. 5, In fa^, it is by increafing nouriiliment, 
by the addition of abundant manure; haftening 
vegetation by an artificial and increafed tem- 
perature ; opening the bofom of the earth by 
frequent and deep ftirring to the beneficial 
influence of the light and air; conveying to it 
by irrigation, trenches, or the watering pot, 
an abundance of water, which the atmofphere 
withholds too long, or furnifhes in too fraall 
quantity; fecundating one fpecies of -flower 
with the pollen of another nearly allied- to it ; 
impregnating water Avith -a very nutritious 
vegetable juice, yery fufeeptible of fermentation 

and 
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and heat ; flopping the motion and courfe of 
the fap in fome parts of the plant by bending 
it, tying it, or cutting the bark ; forcing a 
portion of one tree, or b\id-bearing bark, to 
infert itfelf into another, and live at the expenfe 
of its juices, after having agglutinated or 
made it unite into one fubftance with at by 
grafting ; conducing all the nutriment to the 
fruit-buds, by removing fome branches which 
would confume too much fap ; adding to the 
earth ftimulants, M-hich, being conveyed into 
plants with the water that their roots imbibe^ 
give activity to their vegetation : in ihort^ by 
em|>loying a great number of proceffes and. 
agents truly chemical, the cultivator, frequently 
even without having any conception of the 
caiife or mode of a6lion, but always guided by 
practice of more or lefs continuance and fuccelV 
produces all the changes and modifications that 
anfwer his wiuies. 

6. But all thefe firft data, all the applications 
of chemical fcience to the phenomena of the 
artificial cultivation of vegetables, are yet only 
the firft glimpfes or perceptions, the exiftence 
and importance of which have been conceived 
or even fufpedled by the modems alonB. - Wal* 
leriiis had already laid fome of the. foundations 
of agricultural chemiftry ; ' Bergman had c»r* 
ried them a little farther in turning bis attention 
to earths; and Lavoifier .has fince difplayed 
all its importance. Thefe finf^ ideal have yet 

fcarccly 
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fcarcely excited the attention of a few of the 
inhabitants of the country : wHen will enlight- 
ened citizens, weary of the tumult and fa6titious 
pleafures of cities, carry into the country the 
knowledge with which their mipds^ are ftored, 
and apply to agriculture the rich refources of 
phyfical fcience ! 

7. The deftiny of plants, confidered as che- 
mical implements employed by nature to form 
the fij ft triple or quadruple compounds, to unite 
hy complex attraftions at leaft three primitive 
fimple fubftances, aiid often more, muft be to 
.change perpetually their ftate, to remain but 
a little while in the fame order of compofitions, 
and to experience, from the very nature of the 
multiplied powers whrch re-a£l on their prin- 
ciples, variations that more or lefs profoundly 
fltlter their materials. If the external circum- 
ftances, if the exterior agents, which influence, 
as has been fhown, their intimate nature, come 
to experience fudden and great alterations; if 
the air change quickly from temperate to cold, 
from dry to moift ; if it ftrike plants too 
rudely; if particularly it be too long loaded 
with water; if froft unexpfeftedly fticceed mild 
weather after the firft efforts of vegetation in 
fpring ; if a violent wind carry off too abun- 
dantly from the leaves, as well as from the 
earth, the water which circulates in the former 
and humeftates the latter; if after rain, a 
burning fun dart on vegetables covered with 

water, 
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water, each drop of which concentrates its 
rays like a lens ; if the deluged ground do not 
allow too large a body of water to flow off, all 
thefe caufes, and a great number of others, 
become fo many^ fources of alterations more or 
lefs injurious to plants, and difeafes are produced 
in them, as well as in animals. 

8. It even feems, that, modified by our cares, 
rendered more fenfible and delicate by culture, 
participating in fome degree the incohye- 
niences of that fort of domeftic life or civiliza- 
tion to which we have brought them, plants, 
like ourlclves, and like domeftic animals, are 
more expofed to indifpofitions and difeafes than 
thofe which grow fpontaneoufly in the places 
man has ftill left to nature. It is rare that the 
fame number, and particularly the fame kinds 
of difeafes^ attack the trees of the foreft, as 
thofe which v'ery frequently we fee only in our 
orchards. The plants of our fields, efpccially 
our corn, are affe6ted wilJi dilcafes, which m'c 
fcarcely ever, if at all, obfcrve in thofe that 
grow wild. It may be faid, that their multi- 
plication, and their being crowded together in 
one fpot, and in too confined a fpace, fomctimes 
occafion them the fame injurj^, as men and 
animals experience from the incumbrances and 
throng of too clofe a place. It is true, on the 
other hand, that the care of the cultivator 
proteds them from the teeth and flings of 
animals'^and infects, to which nature expofes 
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the vegetables fhe produces, and for which ihe 
even appears to have defigned them. But the 
greatnefs and danger of the difeafes, in fonie 
fort to be confidered as focial, and frequently 
endemial or even epidemic, which attack the 
vegetable tribes cultivated in our fields, do 
not allow us to imagine that there is, in this 
refpeft, a compenfation favourable to the culti- 
vator. 

9. Without giving here an enumeration, 
which would be out of place, I fliall content my- 
felf with obferving, that, notwithftanding the 
little care that has been taken to diftinguiih and 
defcribe all the difeafes of plants, we know 
enough to perceive, that no vegetable, and no 
part of a vegetable, is exempt from them. 
The trees of orchards, gardens, parks, avenues, 
and highways, frequently fliow their bark cleft 
and cracked, corroded by dry or moid ulce- 
rations, enlarged by tumours, pierced and dif- 
fered by infefts, torn by beafts, exhaufted by 
parafitical moffes and lichens. Their wood 
bends, fplits, dries, fwells : we fee it attacked 
by mouldinefsj ulcers, excrefcenceSy knobs, and 
wounds* The leaves of plants are liable to 
mildew, blaji, blight, parching galls, prema^ 
ture decay, lofs of colour, curl. The enemies 
and ravagers of our harvefts, and the grafs tribes, 
are the Jhedding of the grain, caries, horn, and 
fmut. In all thefe cafes, already obferved with 
fome care, we fee the organs of vegetables 
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change their figure, confiftency, colour, tafte, 
and fmell, and confequently their chemical 
nature. 

•10. Who will deny that all thefe difeafes are 
accompanied by chemical changes and acci- 
dents, which we ought to confider not only as 
their effect, but often as their caufe ? Has it 
not been found, that in fmutty, carious, and 
horned rye or wheat, there no longer exifts 
any amylaceous or glutinous fubftance, but here 
an oily fluid, there an acrid and coaly extract? 
Are not wood and bark, when ulcerated and 
covered with a blackifh fanies, or whitifh, 
gritty, and dried crufi, loaded with acetite of 
lime and of pot-aih, tannin, refin, and carbonate 
of lime and of pot-afli, according to the 
experiments of Citizen Vauquelin ? Who can 
limit the capacity of chemiftry for acquiring 
a knowledge of the nature, caufe, and remedies 
of thefe difeafes ? Let us hope, that, with all the 
lights which this fcience affords to agriculture, 
this investigation will no longer be neglefted: 
let us truft, that this pleafing taflv, begun under 
fuch happy aufpices, will no longer be delayed ; 
and let us depend on tliofe ardent, ftudious 
youths, who will carry with them into the 
country ufeful knowledge, and who will not 
allow the firft of arts to remain chained down 
to blind cuftom, to prejudices deftruftive of 
every thing that is good. In fine, let as be 
perfuaded, that the period, when the labours of 
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